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ABSTRACT 


I . 

An experimental procedure was devised to investigate the 
effects of the lunar environment on the physical properties of 
simulated lunar soil- The test equipment and materials used 
consisted of a vacuum chamber, direct shear tester, static 
penetrometer, and fine grained basalt as the simulant. 

The vacuum chamber provides a medium for applying the 
envi ronmenta 1 conditions to the soil experiment with the 
exception of gravity. ^The ultra-high vacuum wl 1 1 simulate the 
essentially zero atmospheric pressure which exists on the moon. 
The vacuum w ill a Iso allow for the investigation of outgassing 
and reduction of absorbed gases on soil properties. 


— - The shear strength parameters are determined by the direct 
shear test . - Another mE r 3rrs”of measuring the - shear properties is 
the triax ial compression test- The direct shear test, however, 
is the~irrost ^Ui tab 1 e method for gT'ahuIar materials such as 

Strength parameters and the resistance of soil penetration 
by static loading will be investigated by the use of a static 
cone penetrometer. -—This experiment can be used to determine the 
soil properties by ^co r re 1 a t i ng the actual pressure applied to the 
penetrometer and the area "of the conical tip. 

*1 n order to conduct a soil experiment without going to the 
moon, a suitable lunar simulant must be selected. This simulant 
must resemble- lunar soil in both composition and particle size. 
The particle ,5iza of the simulant :s an important criteria tc 
consider due to the manner in A h :c" a soil sample mav fa:.. s 



selection of the soil simulant for this test procedure was based 

on_ the investigation of soil samples taken during missions to the 

*5^ The soil that most resembles actual lunar soil is basalt. 

' / / 

7T""r ffc ioe" --for the simulant was proposed by Bromwell and Carrier 
I nc . 

The soil parameters, as determined by the testing apparatus, 
will be used as design criteria for lunar soil engagement 
equ i pmen t • 


1 1 PROBLEM STATEMENT 


A. Introduction 

UJith the present emphasis on space exploration of the 
celestial bodies in our solar system and in particular the 
use of the moon as a space station, it is necessary to learn 
more about the properties of the materials which are 
expected to be used on these bodies. The success cf future 
lunar missions is dependent upon the correct observation and 
interpretation of measurements on the lunar surfaces as well 
as the proper design of vehicles and structures to be pla_ed 
on the moon. Therefore, it is essential to have a basic 
knowledge of the mechanical properties of lunar soil. 

Because of the extreme differences between the lunar 
and earth environments, the most important of which is the 
absence of an atmosphere on the muon, one would not expect 
that the lunar soil would have the same properties as a 
similar material on earth. An experimental procedure was 
devised in order to investigate the effects of lunar 
environmental conditions on the behavior of the soil 
simulant which has a high probability of being 
representative of actual lunar soil and to provide basic 
engineering data on the properties of the soil to aid in the 
design and construction of lunar engagement equipment. 

Although the test procedure has been largely an 
investigation of specific properties of a selected soil 
simulant under prescribed env ; r c n.r.en t a 1 conditions, an 
important intention throughout the course cf designing tne 
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p'ocsdure has bGPn to al low a sufficient margin in 
determining to what extent the environmental conditions 
should be simulated so that the data obtained from the 
experiment will be useful in designing of lunar digging 
implements . 

B. Performance Objectives 

w 

The soil experiment will be designed to meet the 
following performance objectives: 

SOIL PARAMETERS 

The soil test should yield mechanical properties of a 
lunar soil simulant. The sell properties which need to be 
determined are cohesion, internal angle of friction, bulk 
density, bearing capacity, soil resistance, and porosity. 

The soil test should yield all of these necessary properties 
through the utilization of two types of tests, the shear 
test and the static cone penetration test. These two types 
of testing procedures shall be conducted on Earth in a 
manner that is least expensive as possible. 

PROJECTION OF RESULTS 


The design of a lunar digging implement is beyond the 
scope of our report; however, a methodology will be 
proposed describing how our test will produce the necessary 
results in order to design a lunar digging implement. The 
methodology will explain ^cw each test result will be 
applied tc certain aspects of the digging implement. 

C. Constraints 

Tre environmental c n a- ac t er ; s t t c s of tne moon differ 
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greatly from those on Earth. 


These character istics will 


affect the testing procedure somewhat. 

The environmental conditions on the moon impose the 
greatest constraints on the testing procedure. The most 
important of these constraints are as follows: temperature 

gradient, lack of atmosphere, radiation, and reduced 
grav i ta t i ona 1 pull. 

TEMPERATURE 

The temperature on the moon ranges from -200 degrees 
Fahrenheit in total darkness to 200 degress Fahrenheit in 
the sunlight. 

ATMOSPHERE 

Since the atmosphere on the moon is about one 
two-millionth that of the Earth, it is relatively 
non-ex i ? tent , 

RADIATION 

One of the consequences of having no atmosphere is the 
fact that the moon receives much more radiation upon its 
surface than the Earth. This radiation induces an 
el ec to-s t a t i c charge on the moon's surface. The mocn 
receives a particle radiation from the sun composed of 
protons(H+) and alpha part icles(He++) . The radiation on the 
moon's surface is normally abound .5 to 1 mrad/hr. During 
solar Flares, however, this increases drama: ically to rates 
up to 7 rad /hr. 

gravity 

Toe gravitational a: delegation on me s o •* 
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pOV 
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moon is 1 . 623 m/s~E? 


This is approx i matel y 1/6 of the 


Ear th s gravity. 



Ill DESIGN DETAILS 


A- SUMMARY 

Since it is desirable to design digging implements 
which will operate on the moon, it is necessary to test the 
mechanical properties of lunar soil. It was decided by our 
design group that the direct shear test and the static cone 
penetration test would be the best type tests for obtaining 
the necessary results which are required for the design of a 
lunar digging implement. Since the properties of the Moon's 
soil differ greatly from those on the Earth, a great deal of 
researc h had to be conducted concerning lunar soil and lunar 
environment. Also, research had to be conducted concerning 
the shear tester and static cone penetrometer which are 
mainly associated with Civil Engineering. The fact that a 
great deal of our project dealt with Civil Engineering 
resulted in an extensive amount of time spent in 
familiarizing ourselves with aspects of Civil Engineering 
and geology. 


B„ Environmental Simulation 

The environmental conditions of the moon differ greatly 
from the conditions found on Earth. The determination of 
the effects of these differences and the method by which 
they may be simulated are very important in properly 
designing lunar equipment and in devising lunar soil 
simulation tests. As previously stated the key conditions 
to be considered are temperature, gravity, radiation, and 
the reduced atmosphere. 

TEMPERATURE 

The temperature on the moon ranges from -200 degrees 
Fahrenheit in total darkness to 200 degrees Fahrenheit in 
the sunlight. The extreme temperatures will affect any 
fluids used for the lubrication of test equipment. Any 
mital to metal contact would result in cold weld.ng or 
adhesion of the materials. In order to fully study the 
effects of temperature on soil properties without narrowing 
the temc^rature range due to test equipment limitations, the 
temperature gradient will be isolated to the soil test 
samp 1 e only. 

Under vacuum conditions, research has shown that 
el evated temperature causes a fair ly substantial increase in 
the stiffness of the soil. Also, it has been shown that the 
increase in temperature will result in the remova . of a 
greater amount cf adsorbed gas under vacuum causing an 
increase ;n shea'- strength. Low temperatures will result : ' 
an increase in the snear strengcn urzer ~ 1 t ■’ = -n ; gr. h3C--"u 
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Also xt would be expected that a decrease in temperature 
would result in readsorbtion of gas into the particle 
sufaces. However, if thi adsorbed r^s is mostly water, 
temperatures near the freezing point of water would cause it 
to become bound more tightly to the surface and interaction 
between the adsorbed layers cn different particles may take 
p 1 ace . 

In order to simulate the temperature gradient for the 
shear test and penetration test, a heating and cooling 
apparatus will be required (see Fig.i and Fig.P). 

The cooling mode will be achieved by flowing liquid 
nitrogen through the coils of the apparatus. The heating 
mode is achieved by flowing steam through the coils. The 
temperature simulation for the penetrometer test will 
utulize a Whirlpool model xk-1200 heating and cooling unit. 
The temperature simulation for the shear test will be 
achieved by modification of the shear box apparatus (see 
sec t i on D > . 

GRAVITY 

Gravity is cefinitely a prime consideration in the* 
design of any lunar soil engaging equipment. Systems that 
work well on Earth may not function on the moon. A care, j] 
force analysis must be performed cn any system used. 
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Lack of gravity affects the bulk density of 1 soil. 

Lunar scil less dense than a typical Earth soil and has a 

density ranging from 1.36 g/cm' 3 to 3.2^ gfc.'n 3. 

The K C - 1 3 5 aircraft will enable the effects cf a 
reduced gravi tational pull on soil mechanic*, to be 
evaluated. The aircraft is flown in a parabolic path from 
which the reduced gravity is maintained for appro x i ma tel y 
two minutes. This is ample time to conduct the exper i men t ■ 

Para 1 1 e 1 ogram gravity simulators are available which 
can simulate the force of gravity on mechanics 1 systems* 

This parallelogram simulator could be useo in the 
development and testing stages in the production cf lunar 
soil engaging equipment. 

RADIATION 

Radiation needs to be considered in the design of Inner 
soil engaging equipment. Ultraviolet radiation arc charged 
particle radiation are particularly important in the 
se 1 gc t i o n of polymers. This radiation can cause chair, 
scission of organic materials, free radical formation, cross 
linking of organic materials, and secondary radiation 
damage. Metals represent no radiation damage or lens 
except at extremely high doses similar to reactor tluxes. 
They are essentially undamaged by ir, adia.«or» re . na*_< a* 
space sources. In ceramic materials r ac: a: ic** damage* :s 
1 im; tec to - l nor surface 3* ''acts. ... 



interlocking between the particles would be small. For this 
reason i n t er par t i c 1 e forces were considered to contribute 
the major portion of the shear strength at the higher 
porosities. When the soil is placed in an ultra-high vacuum 
environment, adsorbed gas layers were removed permitting a 
closer proximity of the surfaces resulting in an increase 
the surface forces. 

The environmental factor of primary concern, therefore, 
is not necessarily the vacuum level in the soil pores but 
rather the amount of adsorbed gas remaining on the surfaces 
of the grains. Although the vacuum level in the pores 
decreased when the so i 1 was heated but increased when the 
soil cooled, some gas was readsorbed on the particle 
surfaces during cooling. This would account for the fact 
that while the shear strength is unaffected by ult. -high 
vacuum at room temperature it appears to increase at these 
vacuum levels under elevated temperature. 

The amount of gas removed and the magnitude of the 
interparticle forces depends largely on the mineralog i ca 1 
composition of the soil. This removal of adsorbed gas and 
development of interparticle forces affects the soil 
properties because the soil is able to maintain a higher 
porosity under ultra-high vacuum than at lower vacuum. 
However , the porosity obtained at vacuum levels is less than 
that obtained in atmosphere. Tnis is due to the removal of 
frictiona; air which results in higher impact velocities 
Coring deposition. In ary given case, the porosity obtained 


origina 1 - 
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under ultra-high vacuum may or may not be greater than that 
obtained in atmosphere since this also depends on the 
mineralogical composition of the soil. Moreover, noting 
that the rapid increase in vacuum level may be attributed to 
the fact that at higher temperature the gas is released from 
the surfaces of the particles more easily and is pumped out. 
As the soil is cooled, however, gas is readsorbed on the 
soil grains resulting in an effective increase in speed. 

An early study proved that in the porosity experiments 
the soil was much less confined than in the direct shear 
tests, and therefore was undoubtedly outgassed more easily. 

In order to simulate the vacuum present on the moon, a 
vacuum chamber test apparatus has been proposed. The 
interior of the chamber would be a cube with dimensions of 
x • x 4' . The interior of che chamber would be 
constructed of stainless steel to limit the effects of 
outgassing. One side of the chamber has a hinged door in 

order to allow easy access. 

Measurements on the system would be made through three 
different modes. A Pyrex glass window six inches in 
diameter will be installed on the chamber in order to 
visually calibrate the height of the penetrometer tip above 
tne soil. Passthroughs will be provided by elastomer seals 
for an electrical current and a hydraulic line which are 
used for controls and data aquis-.tion. Two types of gauges 
will be used to monitor the pressure of the vacuum Chamber. 
A the- me coup 1 e gauge will ca s e 3 fo- pre = su-es —own ,o 


ORIGINAL page is 

OF POOR QUALITY 


lCT-e to rr and a cold cathode ionization gauge will provide 
pressure readings down to 10~-6 torr . 

The pumps for this system were designed to develop 
1CT-6 torr in the chamber, which is considered the lowest 
feasible pressure for our experiment because of the 
cutgassing effects of the soil specimen. 

The pumping system for the vacuum is composed of two 
parts; a roughing pump and a diffusion pump. The roughing 
pump is used to take the chamber down to 10 torr . At 
this point the diffusion pump will cut in and take the 
system down to 10~-6 tcrr, the maximum vacuum. 

The pumpdown time for the roughing pump and the 
diffusion pump can be determined through the use of several 
f ormul as . 

T = S • 3 X < V/Sn ) X log(Pl/P2> 

The above formula is used for the roughing pump. T is 
the time required for pumpdown to 10~-2 torr, Sn is the 
speed of the pump in cubic feet per minute, PI is 
atmospheric pressure (approximately 750 torr), P2 is the 
vacuum pressure (10~—2 torr in this case), and V is the 
volume of the chamber. 

The time required for the diffusion pump is more 
complicated because it is dependent upon the outgassing 
characteristics of the materials involved, the size cf the 
materials, anc the size of the diffusion pump. A system of 
equations fcr determining the pumpdown time required is as 
f o 1 lows: 

^ original 

of POO* 



0 = area X outgassing coefficient 
Qtotal = 01 + 02 + Q3 + ...On 
L = the total length of connecting tubing 
a = radius of the pipe 

k = determined from charts using ratio L/a 

T = temperature 

A = area of connecting tube 

C = molecular conductance 

M = molecular wt. of air 

Sr, = pumping speed at chamber wall 

Sp ® pump speed at the mouth of the pump (speed given 
by manufacturer) 

P « final pressure of system 
C = 3.6<* KA X (T/M) 

Sn * (Sp X C)/(Sp + C) 

Sn = Q/P 

A system model proposed by High Vacuum Equipment 
Corporation (see Fig. 3) would have a pumpdown time of 
approximately 16 hours (see sample calculations in 
appendix) . This system would have all the parameters 
established at the beginning of this section. The pumps 
used on this system would be the 20 inch Varian diffusion 
pump with a net pumping speed of 17,500 1/sec and a Stokes 
212 roughing pump with a speed of a 150 cubic feet per 
minute. A water cooled chevron baffle is used to minimize 
b ac k s t r earn i ng of oil molecules from the pump. 




C. Soil Simulant 

introduction 

In order to evaluate a lunar soil engagement device 
effectively, the mechanical properties and/or behavior of 
the soil must be modeled closely with some material. As 
there is little chance of obtaining actual lunar soil in the 
quantities necessary for the proposed number of tests, a 
suitable simulant must be chosen. This soil simulant must 
behave very nearly like lunar soil in the tests that are 
proposed; the static penetration test and the direct shear 


test. Several soil 


are involved in these 


two tests which must be considered in selecting a simulant. 

critical properties 

For this experiment, the soil simulant should behave 
like lunar soil in the two tests proposed. In the shear 
test, which will be explained in section D, the simulant 
should yield values of cohesion (c) and friction angle (0) 
similar to those measured on actual lunar soil. The static 
penetration test should produce of values bearing capacity 
for the simulant comparable to actual lunar soil. 

Another important characteristic cf the soil simulant 
is compressibility. Compressibility deals with the change 
in density of the soil when it is compressed. 

Compressibility will not be measured directly by the 
proposed tests, however it is an important characteristic in 
the choice of soil si^ulart. 
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"Tests on actual lunar soil have yielded a spectrum of 
data. These data include that from the Surveyors (I .III, VI, 
and VII), the Lunokhods (I and II), the Apollos 
(11,12,14,15,16, and 17) and the Lunas (16 and 20). All of 
this data was compiled for values of cohesion and friction 
angle by Carrier in an as yet unpublished manuscript. Shear 
strength data (which inherently includes cohesion and 
friction angle) has been plotted for these missions (see 

figure 4 in the appendix) • 

The Appolo 12 testing included soil compressibility 
measurement. As a result of this testing, values of C 
0.01 to 0.11 were recommended. 

RECOMMENDED SIMULANT 

A lunar soil simulant has been suggested by Carrier for 
earthbound mechanical properties testing. Here, a material 
and a grain size distribution are suggested which closely 
model lunar soil in testing. The soil simulant material is 
basaltic sand. The grain size distribution is attained by 
using different sieves on the sand. The grain size 
distribution is shown below in Table 1. 


SIEVE NO. 
12 
50 
100 
200 


CPENING (mm) 
1 . 68 
0.297 
C . 1 49 
0 . 074 


’/. FINER EY WEIGHT 
95 
79 


c6 

50 




GRAIN EIZE 
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from commercial quarries may not have a very large percent 
of material which will go through a number 300 sieve. This 
can be remedied with a grinding machine to reduce the 
particlesize. 

SIMULANT PERFORMANCE 

The performance of the lunar soil simulant in 
mechanical properties testing is very important. The 
simulant must be a reasonable model in terms of bulk 
density, shear strength, cohesion, friction angle, and 
compress i b i 1 i ty . 

On the basis of shear strength, cohesion, and friction 

i' 

angle; data given by Carrier suggests that on a shear 
strength versus normal load graph, the behavior of the 
simulant bounds the envelope produced by the Apollo, 
Lunokhod, and Surveyor missions. The shear strength 
behavior is varied by changing the relative density of the 
soil ( see figure 4 in the appendix). Note that this 
simulant models the lunar soil accurately to at least 3 m of 
modelled depth caused by the normal load in the shear test. 

In terms of compressibility (C ), the lunar soil 
simulant suggested is not as compressible as actual lunar 
soil. This is true whether the soils are c ompa r ed at the 
same density or void ratio. 

Euik density cf the simulant can be /a'' led a great deal 
to model different lunar conditions, especially depth. Tn i s 
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soil exactly, however the differences are small enough to 
yield accurate data. 

CONCLUSION 

The lunar soil simulant selected (as provided by 
Carrier) is suitable for the tests proposed. The particle 
size distribution allows for the ability to vary density as 
needed, as well as provide acceptable values of cohesion and 
friction angle. Compressibility, while not modelled as well 
is acceptable for the purposes of these tests. 
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D. Shear Test 


INTRODUCTION 

The peak shear strength, internal angle of friction, 
and cohesion are important soil characteristics which should 
be considered in the design of lunar soil engagement 
equipment. Because it is a costly and laborious task to 
exactly simulate the lunar environment, it is desirable to 
simulate only those aspects which show an effect on the soil 
properties. It is the purpose of this section to propose a 
procedure for evaluating: <1> the effects of various 

environmental conditions on the shear properties of lunar 
soil and, (2> to determine the extent to which these 
conditions must be modelled for future tests. 

The shear strength of soil is the resistance to 
deformation by continuous shear displacement of soil 
-articles. The shear strength ft), is given analytically by 
the following straight line equation, known as Coulomb's 
shear strength equation: X = O’ tar. ^ + c 

where the intercept <c> is termed the cohesion of soil. The 
slope of the line, tan f, is the coefficient of internal 
friction and j> is the angle of internal friction. O' 
represents th normal stress on the failure plane. This 
relationship shows that the shear strength of a soil is 
proportional to the normal stress on the shea- plane. 

TEST I N 3 r^ETr-ODS 

Ire metncc of ceterm;r.ng tne shear properties O' a 
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sample is placed in a shear box which is split horizontally 
into two parts. A normal load is applied and one half of 
the box is held while the other is pulled horizontally, 
shear i ng the soil. For any one test, the normal load is 
held constant while the shearing force and the shearing and 

vertical strains are recorded. 

Using data from a series of tests, the normal loads may 
be plotted versus Tailure shearing loads to obtain a line 
following the Coulomb shear strength equation. In addition, 
a plot of strain versus the ratio of shear stress to normal 
stress for each test will yield the peak shear stress (see 
figure 5 in appendix A1 . The peak shear stress is the 
maximum value of shear stress that can be accomodated for a 
given normal load. 

The shear properties of a soil may also be found using 
the triaxial compression test. In this test, a cylindrical 
soil sample is encased in a thin rubber membrane. It is 
then placed in a closed chamber and subjected to a fluid 
pressure. An axial load is then apdied to both flat ends 
and is increased until failure occurs. From a series of 
tests, Mohr circles representing failure can be constructed. 
The common tangent to the circles represents the Coulomb 
shear strength lire. 

Because of the sandy, relatively cohesionless nature of 
hasal t , and by extension lunar so l « vhe s..ea 
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direct shear apparatus (model #52213) and a data recording 

system (model #553281) which are suitable for the purposes 
of 

the experiment (see figure 6 in appendix A). The direct 
shear apparatus can easily be set up for remote control and 
the data recording system may be set up outside of the 
vacuum chamber • 

EQUIPMENT MODIFICATIONS 

Equipment mod i f i ca t i cns can be divided into two 
categor i es s 

a. Those which are known to be necessary. 

b. Those whose need can only be established after the 
apparatus has been assembled and tested. 

In the first category, a means of controlling the 
sample temperature must exist. It will be necessary to 
lower the sample to -200 degrees Fahrenheit and raise its 
temperature to 200 degrees Fahrenheit. Cavities for fluid 
flow can be drilled into the upper half of the shear box 
(see figure 2 in appendix A). Liquid nitrogen can then be 
pumped through the shear box to cool the sample. The sample 
may be heated by pumping steam through these same cavities. 
The flow rates required to achieve the desired temperature 
will have to be determined experimentally (see calculations 
in appendix B). Side effects of the previously covered 
heating and cooling techniques may require additional 
equipment modification. Heat transfer will primarily take 
place througn conduction. "The absence of a:r ,n ...s 


; name o'" prombits heat transfer tv convection. e * 3 
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degrees Fahrenheit), radiation losses are expected to be 
negligible. Heat could be conducted to the load cell, 
vertical load shaft, cr the horizontal load shaft. 
Thermocouples should be placed on these components during a 
mock setup and their temperatures should be monitored to 
evaluate the need for corrective measures. If any of these 
temperatures approach an unsafe or uncalibrated temperature, 
then the respective component must be heated or cooled as 
needed. These components can be heated or cooled easily and 
economically by wrapping four or five coils of 3/S diameter 
copper tubing around them and attaching the tubing witn 
silver solder. Water should then be pumped through the 
coils to achieve the proper temperature. 

PROCEDURE 

The following procedure describes the metnod for 
actually conducting the direct shear test. The previously 
described equipment modification, sample preparation, and 
necessary corrective measures must be completed prior to 
conductiong the tests. 


1.0 Initial Setup 

1.1 Level machine using adjustable fee*. 

1.2 Install horizontal LVDT-dial combination. This is 

the unit with the longer t-avel. Without disturbing the 
position of the LVDT with relation to the d:a, mcica.vr, 
insert shell of L.-DT all the way mto «c^.urg clock. e 


su-f? the d-.al tip f ac<= s the s-ea: 


, - - g* on oicc* so that ’.ne 
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cannot move. inis knurled screw is also used to adjust 
the zero. Plug in the electrical connector to 
"Horizontal LVDT . " 

1.3 Remove packing material, upper loading cap and 
upper parous plate from inner shear box. The two halves of 
the inner shear box are held together by two screws with 
large knurled tops. Tighten the knurled screws prior to 
forming the sample and preconsolidation. After 
preconsolidation and just prior to shearing, remove the 
knurled screws. The four corner screws should now be 
tightened sufficiently to slightly separate the top and 
bottom of the shear box. Once preset, these four screws may 
not require further adjustment on subsequent tests. The 
four screws pre-load teflon pads that separate the shear box 
halves with minimal friction and prevent metal to metal 
contact with subsequent scoring. When the four screws are 
preset properly, they will compress the teflon 

pads sufficiently to close the gap during subsequent forming 
and preconsol idation of the sample. 

1.4 Install the vertical loading assembly after the 
sample is in the shear box: Place the loading assembly over 

the center of the shear box so that the slots in the legs 
fall onto the alignment pins. The 1/E " diameter roo with 
knurled end is then inserted througn the front and rea- legs 
of tr.e cylmoer a^o frame. 'la-- 3 Su-e t-"e '«d gees a., tne 
wav tnro^gn legs. Attar n 1/6 f .a - '.z . s 5 

a i r c / 1 : -cer . 


ORIGINAL PAGE fS 
Or POOR QUALITY 


1.5 Install vertical LVDT-dial indicator; Base of 
dial indicator with tip down is inserted into dial holder 
arm on air cylinder. Tighten alien screw and zero dial 
after initial vertical load is placed on sample. Plug in 
electrical connector to “Vertical LVDT." Position wire so 
that it will not interfere with test. 

1.6 Preset strain rate: 

a. Be sure the pin connecting load cell to loading 
yoke is removed. 

b. Turn on "main power" switch. 

c. Turn “rate' 1 control knob completely 
counter-c lockwise. 

d. Push "start” button. 

e. Turn "rate” knob clockwise to desired strain rate 
as indicated on readout in inches per minute divided 
by 10. 

f. Push "stop” button. 

1.7 Place machine in vacuum chamber. 

1.8 Centering shear box housing: Remove the 

anti-rotation pin on the gear box assembly. Rotate the 
hand wheel in the direction necessary to line up the holes 
in the loading yoke and the lead cell extens.cn red. Insert 
the pin from rear of machine. Re- i nser t toe anti-rotation 
pin cn the gear box assembley. The lead cell Should row 


read zero. If the 

load 

cell dees 

not read zero, 

turn the 

large knurled load 

cel I 

acj.st ; rg 

rut until :e"c 

-eac: ng 

access or. c n e aoo^ 
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center position of shear box must be set at this time. 

Length of travel can be set between 0 and 0.8” in both 
directions. Decide desired length; select a spacer that 
matches desired travel and set limits in foiling manner: 
loosen knurled limit adjusting screws and slide limit switch 
assembly away from the shear box housing. Place the spacer 
against housing and slide the limit assembly towards the 
spacer until a faint audible click is heard. Tighten the 
knurled adjusting screw and repeat the process with the 
other limit assembly. 

2.0 Test Procedure 

2.1 :iake sure all three air valves a: e closed by 
turning clockwise. Do not overtighten. 

2.2 Connect the coil of tubing under the frame to an 
appropriate air source. 200 PSI is needed to reach full 
capacity of 2200 lb vertical load. Plug in line cord to 115 
VAC outlet. Turn or. the "main power" switch. 

2.3 *” ?n the "supply valve" with gage on cabinet 
indicating line pressure. Before the air system is 
activated by opening the "load apply valve, the readout 
will show a negative load. This is due to the pressure 
reguired to overcome the return spring in the air cylinder. 
When the supply valve is opened, the readout will go to zero 
or a slight positive valve. If the initial valve is too 
high, slightly crack the "vent" valve to achieve the desired 
reading. Mow open the "load apply" valve and apply the 
initial load to the sample. The p = r;„s plate snou’.C r -w -e 

3s 
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seated and it is important to again zero the vertical 
LVDT-dial indicator by loosening the alien screw and 
ret igh tening . 

2.** Applying Normal Loads: 

Always close "load apply" valve before increasing 
the normal load, advance the readout to the next desired 
normal load by turning the regulator clockwise. When the 
desired reading is reached, apply the load to the sample by 
opening the "load apply" valve. 

During the shearing portion of the test, the "load 
apply" valve must be left open; the SMS regulator will 
maintain precise normal load only if the valve is open. 

2.5 Shearing the Sample 

Begin the shearing portion of the test by pushing 
the "start" button. The rate of strain has previously been 
set. The machine will cycle until the operator determines 
the test is complete. 

2.6 Completion of the test 

Try to end at the middle of the cycle. This 
eliminates the need to recenter the shear box housing. 

a. Shut the "supply" valve and open the "vent" valve. 

b. Turn the rgulator counter-clockwise. 

c. Shut off "main power" switch. 

d. Remove air cylindei be sure to disconnect line and 

remove the vertical LVDT-dial indicator by loosening 

the all en screw, 

e. Remove and clean the shear box. 
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E. Static Cone Penetration Test 

INTRODUCTION 

The static cone penetration test is widely used to 
determine the penetration resistance and bearing capacity of 
granular soil. The accuracy of settlement determination of 
granular soil depends on correspondence between those 
factors that affect soil compressibility and those factors 
that affect penetration resistance. Since it is unlikely 
that the factors affecting compressibility and penetration 
resistance are entirely the same or of equal influence on 
soil compressibility and penetration resistance, settlement 
predictions must have limited accuracy. Traditionally, most 
practicing engineers continue to regard bulk density as the 
factor of overriding importance in controlling 
compressib i 1 i ty . 

The factors that affect the static cone penetration 
test (SCPT) are frequently not associated with properties of 
the soil. Factors which control SCPT results can be divided 

into a number of groups: 

a. Ground conditions 

b. Temperature 

c. Atmosphere 

d. Gravity 

e. Test method 

The compressibility of g. anular soil is highly 
dependent on its yielding behavior. Therefore, the 
penetration resistance is largely dependent on tne eternal 
angle cf friction of the soil and its effective stress 

o 1 are . 
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MODES OF FAILURE 


The penetration of a cone projectile into soil is a 
very complex phenomenon which is not easily analyzed by 
mathematical treatment. There are two ways in which the 
soil may fail under the projectile. One is by compression 
of the soil which is basically a reduction in void ratio or 
interparticle spacing caused by rearrangement of the grain 
structure. The other is by shear which consists of 
deformation of the soil particle and may or may not be 
assisted by a change in particle spacing. Either one or 
both of these methods of failure may occui during 
penetration. For a loosely packed sample, the soil below 
the cone will be compressed and accelerated initially. 
Depending on the force of the penetrometer, failure will 
occur by compression of the cone in this region below the 
cone. In a densely prepared sample, very little compression 
will occur and failure will take place primarily by the 
displacement of soil along shear planes. The amount of 
energy required to cause penetration, therefore, will be 
highly dependent on the relationship of the soil and its 
shear strength. 


PENETROMETER 

Penetration tests have long been used to evaluate soil 
consistency and density. The primitive builder may have 
sounded the ground with a pointed stick or his heel, as can 
be seen in tribal villages today. The skilled workman 
forced the pc;nt of a pick or drove a rod into tre grour w 
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with a mallet of known weight. Today there are numerous 
penetrometers of standardized design, but all are based on 
the same principle; the penetration of an object into the 
soil, forcing the soil aside and developing a shear 
displacement similar to the bearing capacity failure of a 
foundat ion. 

Various shapes of penetrometers are in use, including 
flat-tipped rods, cones of different sizes and shapes, 
augers with cone-shaped tips, and cutting edges of 
thick-walled samplers. There is comparitive data available 
upon the effect of shape on test results. Two types of 
loading are used, static and dynamic. Static loading 
simulates the shear developed in laboratory testing and can 
be easily adapted to continuous penetration and automatic 
recording. Dynamic loading is adapted to a very wide range 
of soil stengths but introduces the variable effect of 
dynamic shear and shock or vibration. The dynamic 
penetration has long been used in terrestrial soil mechanics 
as a measure of the bearing capacity. It has never, 
however, given as reliable results as the static penetration 
test. It is for this reason that the static penetration 
test was chosen. 

The type static penetrometer we chose to use is a 
Brainard Kilman type AP-2100 with a l'-6" rod assembly (Fig. 
7). The penetrometer consists of a 60 degree apex angle 
cone, rod assembly, head assembly and gauge. The core has a 
maximum section oc 1.5 cm~2 made Df stainless steel. he 6v 
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degree apex angle is the maximum angle available with 
utilization of the static penetrometer. This angle was 
chosen because of its accuracy in obtaining results in a 
cohesionless soil. A small apex angle would essentially 
slide through the soil initially and give inaccurate 
results. The rod assembly of the penetrometer consists of 
an outer rod and an inner rod. The outer rod is made of 
Centerless Ground 316 Stainless Steel. The head assembly 
consists of handles and a strain gauge; however, these two 
items will be modified as per equipment modifications 
section. The head assembly is made from high strength, 
light weight 6061-T6 Aluminum, anodized for protection. 
Stainless inserts prevent rod threads from wearing. 

Smoothly finished inside bore and piston account for a low 
friction coefficient. The gauge is 2.5 inches in diameter 
with a range of 0—1000 pounds. It has a built-in gauge 
zeroing adjustment. 

The static cone test implements a simple concept. The 
operator pushes a simple cone-shaped steel point into the 
soil with a constant velocity. He measures the thrust to 
accomplish this and divides by the projected end area of the 
point to give the cone bearing capacity. The 

Brainard-Ki lman Static Cone Penetrometer features dual red 
construction. As the inner rod functions independently of 
the outer rod, soil friction is net a factor with this unit. 
Cone stress as read cn the gauge can be easily correlated 
local constants without having to adjust for the sc;. 
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friction coefficient. 

Equipment Modifications 

Some equipment modifications were found to be necessary 
in order to achieve maximum environmental simulation. To 
actuate the penetrometer manually would require an opening 
to be made in the vacuum chamber that would enable the 
penetrometer to move freely. This guide opening would not 
allow the pressure inside the vacuum chamber to reach the 
desired range. A decision was made to remotely actuate the 
penetrometer hydraulically which woild eliminate having to 
penetrate the chamber vacuum (see Fig.7). 

Since the penetrometer will be hydraulically actuated 
the head assembly will include no handles. To remove 
handles from the head assembly requires only for them to be 
unscrewed. The head assembly will be tapped to include four 
3/8 inch steel bolts at a depth of 3M inch. 

The maximum force that the penetrometer can withstand 
before buckling is 1200 pounds for a rod length of 18 
inches. The hydraulic actuator was selected from Victor 
Fluid Power Inc. and has a lifting capacity of 1000 pounds. 
The support truss height was determined from the length of 
the penetrometer and actuator when fully extended such that 
a 2 inch clearance will remain between the conical tip and 
the base of the sample container (see Fig. 8). The width of 
the member was sized according to the base of the actuator, 
which is five inches (see appendix 3 *or force analysis of 
support truss) . 
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Since the pressure gauge cannot be read through the 
vscuufT^ chamber window, it will be routed outside the chamber 
through the prescribed outlet with the Tigon Flex tubing so 
that the gauge can be read from a control panel (see Fig. 9), 
The temperature gradient will be isolated to the soil sample 
to avoid having to apply additional modifications to the 
testing equipment that might limit the simulation of 
temperature. A sel f-conva i ned heating and cooling unit will 
utilized in providing this temperature gradient to the 
soil sample alone (see section B>. The dimensions of the 
self-contained temperature unit are dependent on the size of 
the soil sample container (see Fig.l). With the aid of 
Brainard and Kilman Inc., a series of preliminary 
experiments were performed in order to determine the minimum 
size soil container which would have no effects on the 
results. A series of test were conducted in which the 
container's diameter and depth were varied in order to 
obtain a container in which the edge and bottom effects 
would be minimized. The size determined for the penetration 
experiment, therefore, was a cylindrical container 10 inches 
in diameter and 8 inches deep. This will permit the 
experiments to be performed in the sample at a minimum 
distance of 3 inches from the container wall and 2 inches 
from the bottom of the container • 

For the flight portion of our testing procedure, the 
sample will he secu-ec by a sample holder to prevent 
horizontal smiting and by a containment ring <*hicn ^events 

33 
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vertical movement (see Fig. 8). 


Performance 

The static cone penetration test will enable the 
measurement of penetration resistance and the determination 
of the bearing capacity. The penetration force or 
resistance can be read directly from the gauge of the 
testing apparatus for various depths. The depth of 
penetration can be read through the window of the vacuum 
chamber. Graphs can be generated which show the soil 
resistance as a function of cone depth (see Fig. 10). The 
penetration force, as indicated by the gauge, divided by the 
base area of the cone gives the bearing capacity which is 
expressed by the following equation* 
qc = F/A 


F = soil resistance 

A = area of cone 

( see sample calculations, appendix B) 

The bearing capacity is a factor of soil mechanics that 
deals with normal force opposing a projectile as it shears 
through the soil. The punching or penetration st-ess of an 
ideal plastic medium as described by Prandtl can be 
expressed by: 

X f = Ns 

where"Xf is the average penetration stress, s is the shear 
resistance or stress of the medium, and N is a coefficient 
which depends on the geometry of the point and surface and 
cn the angle of internal friction ~n:cn is ootaired frzm the 
direct shear test. For cohes i or 1 ess sc i suer, as tasa.t. 
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the internal friction angle is 30 to CO degrees and for cone 
angles cf 60 degrees, N is approximately 7. 

The static cone penetrometer applies a static force to 
a point sufficiently great to produce shear failure. 
Therefore, the bearing capacity for a foundation the same 
si 2 e and shape of the cone is measured directly at that 
depth below the surface. 

N can be found theor e t ica 1 1 y or by experiment. This 
procedure allows continuous measurement of resistance with 
increasing depth by advancing the cone and measuring the 
necessary force. The amount of work required to force the 
penetrometer a d'ctance x can be determined by the following 
equa t ion. 

AW = Ax AXf» 

x = penetration distance 

Xp = penetration ’stress (see sample calc., appendix B) 

A = penetrometer cone area 

Once the soil sample has been prepared the following 

stages of a procedure will be carried out. 

1 . ) Check apparatus 

5.) Position sample container 

3 . ) Adjust cone 

) Sample calculations and plots 

Procedure 

CHECK APPARATUS 

The operator should see to it that the cone point and 
rods are clean and in good alignment. Tne sharpness of the 
core pomt can 0e> checked by pushing tne tip into the he : e 
cf the sharpress gauge pldte. me po;rt carrot ce *e . : 

^#nen 1 ; g r. 1 1 y ~ : h me tip tne finger, the core 
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should be replaced. Proper alignment should be checked so 
that friction between the inner and outer rods doesn't 
introduce erro- in the experiment. The hydraulic controls, 
thermocouples, and heating device should be checked for 
proper calibration and performance. 

PLACEMENT OF SAMPLE CONTAINER 

after the uil sample has teen through the proper 
noisture takeout anO particle attribution procedure, the 
sample may be placed In the self-contained heating and 
cooling unit. The sample is then heated or cooled to the 
desired temperature which is measured by thermocouples. 

ADJUST CONE 

„ The cone and its support should be carefully lowered to 

the surface of the soil. Cam must be taken to insure that 
the test is conducted 3 inches away from the edge of the 
container to avoid inducing error from the side effect of 

the container . 

MEASURE CONE PENETRATION 

Apply the desired load and then measure the total 
penetration. All of the loads include the weight of the 
cone and shaft. The corrections shall be taken care of by 
subtracting the same amount from all readings. 

SAMPLE CALCULATIONS AND PLOTS 

Cnee the penetration and direct shear test have beer. 

conducted -he data from these tests will be used to 


calculate the fcea-ir.g 


r.q capacity a 


r.a shear Ss^ergtn of tn e 


soil. The a ittq 


unt of vcr< done on tr.e penetromete- can also 
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be determined. Plots of soil resistance vs. d*rpth can be 
generated , 

The static cone penetrometer provides an economical 
method for investigating the homogeneity of foundation soil 
conditions. It has proven especially useful when evaluating 
the homogeneity and strength characteristics of cohesionless 
so i 1 5 . The soil properties obtained from this test prove 
useful in determining foundations for building and digging 


equipment for construction. 



r. Test Procedure 

SAMPLE PREPERAT I ON 


w 


Sample preparation is the first stage in the 
experimental procedure. The steps in sample preparation 
involve obtaining a given particle size, eliminating 
moisture, an: trimming the sample. The behavior of 
soil is related to its particle size. The 

particle size as suggested by Carrier will be obtained using 
a sieve shaker, Inclynotype (see appendix D) . 

The Inclyno sieve shaker consist of a series of sieves that 
have openings approximately one-half that of the coarser 
above it in the nest. The nest of sieves are clamped to the 
vibrating platform which vibrates in a horizontal direction. 

The sand samples are prepared by pouring the basalt in 
to the shear box and penetrometer container through a tube 
with a slotted end piece which ensures that the velocities 
of the basalt grains are close to zero as they leave the 
tube. By cont' oiling the velocity of the grains leaving the 
tube and the tube height above the surface of the deposited 
soil (about 1/4 in.) an even particle spacing can be 
acheived. The desired density can be acheived by applying a 
uniform load to the sample and measuring the height of the 
soil within the soil container itself (see appendix D>. 

Since the penetration stress is dependent upon .he 
geometry of the surface -nich the cone penet r = me t e- 
penetrates t.-.a sample, the sa-ple - - ‘ ‘ " e •'• •me- 
is level. Ensuring trat tre soil samole : » ~ : ' : 
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simplify the mathematics in determining the penetration 
stress as previously mentioned. The sample will be levelled 
with the aid of a trimming tool , iSee appendix Dl. 

The majority of the moisture in the sample will be removed 
by baking the sample. An electric oven will be used to bake 
the sample prior to placing it in the vacuum chamber. After 
a sufficient baking period the samples will be removed from 
the oven and placed into their respective self contained 
heating and cooling units. Before the chamber is 
depressurized the samples will be heated to remove any 
moisture gained during the transfer from the even to the 
chamber. Once the moisture content of \ /• is reached, the 
outgassing and temperature processes can be carried out. 
EXPERIMENTATION 

The second stage in the procedure irvolves conducting 
the experiment both in a ground based laboratory and in 
flight in a minilab on the maximum simulation of the lunar 
environment. The aircraft follows a parabolic flight path 
from which it can maintain a reduced gravity environment for 
approximately two minutes. This time period is ample to 
carry out the experimental procedures. 

Several possible testing arrangements were consider to 
determine which arrangements would provide the most 
conclusive results. If fur.airg permittee, :t wou*d :e 
possible to cor, : u c t the flight portion cf the experiment 
with several s : 1 t a-oc. s ecu:o-ert set-^os : ~ - 

dens: : ✓ a ~ d :^e rv z z re ^ 
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only making one flight. However, the decision was made to 
us. the smae testing apparatus for both flight and ground 
based experiments. 

There will be ten flights made by the KC-135 in which 

the density of soil, soil temperature, vacuum pressure, and 

a reduced gravitation pull will be varied. The first flight 

experiment will simulate the maximum environmental 

conditions and the most densely packed soil sample. The 

conditions which are to be met are as follows: 

(i) reduced gravi tat ional pull of 1.63 m/s 3 

<E) soil temperature of 300 degrees Fahrenheit . 

<3) vacuum pressure of 10 6 torr 

<g> soil density of 3.34 g/cm 3 

The second flight experiment will vary the gravitational 

poll in order to help determine to what extent gravity 

influences the mechanical properties of basalt. The 

following conditions are to be met: 

<11 reduced gravitational pull of 4.0 m/s~3 

(2) soil temperature of 300 degrees Fahrenheit 

(3) vacuum pressure of 10“ -6 torn 
<<♦) soil density of 3.34 g/cm 3 

Flights three, four, five. and -i" «>« conducted varying 

the temperature from -200, -100, 100, 200 respectively. All 

other conditions will be help constant. The following 

conditions are to be met for flight. 3 through 6. 

(1) reduced gravitational pull of 1.63 m/s 2 

( 1 ) reouceu _?oo -ICO. 100, POO degree F. 

(8) soil temperature of * > 

(3) vacuum pressure of 10"-6 torr 
<<*) soil density of 3.P^ g/cm~3 

Tne seventh and eighth flights will be conducted varir.g the 

vacuum pre t jure while keeping all other conditions constant. 

Htmcspheric pressure <750 torr.) ar,o 10 torr .fill be the 


ORIGINAL PAGE !S 

OF POOR QUALITY 



testing pressures. The condition requirements are as 
f o 1 lows ; 

(1) reduced gravitational pull of 1.63 m/s~2 

(2) soil temperature of 200 degree Fahrenheit 

<3) vacuum pressure of 1CT-3 to 750 torr 

< ) soil density of 3.2** g/cm~3 

In flights nine and ten the soil density will be varied so 
as to aid in determing how the environmetal conditions vary 
with loosely and densely packed samples. The following 
conditions are to be met: 

(1) reduced gravitational pull of 1.63 m/s~2 

(2) soil temperature of 200 degree Fahrenheit 

(3) vacuum pressure of 10~-6 torr 

(4) soil density of 1.36 g/cnr3 to 2.3 g/cm~3 

Their will be eight tests conducted on earth in a 
laboratory in which the environmental requirements are the 
same as the flight experiment neglecting the simulation of 
gravity'- Experiments one through eight vary the 
temperature, vacuum pressure, and soil density respectively 
(see following procedure steps). 

The results of the tests will be compared to determine 
to what extent the environmental conditions must be 
simualted in order to design a digging implement that would 
work most efficient in the lunar environment. The intent of 
the proposed procedure is not to limit the testing procedure 
to the suggested objectives, but should be able to yeila 
data that would be represen ta t i ve actual lunar soil. 
PROCEDURE 

\ 

I Cample Preparation 

( 1 ) Weigh to 1000 grams each sieve which is to oe 

used. rake 5 ur= each sieve is clean before ^eignimg 
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II . 


U; Sieve the soil through e series of sieves using a 
^"•PiSil^rinto their respective ,„„p.e 

"f*P™k ’container to prescribed height to obtain 

desired density. cnrfj rp 

(5) Trim sample to ensure a level ■ surface. 

(A) Bake sample at 500 degree Fahrenheit for 1 

l (0> r 'simutaneousiy begin outgassing procedure and. 

temperature setting. 

In flight environmental condition requirements 


FI lght 1 1 redu( _ ed gravi tational pull of 
< 2 ) soil temperature of 
(3) vacuum pressure of 
<4) soil density of 


1.63 m/s" 2 
ECO degrees F 
10"-6 torr 
3.E4 g/cm"3 


Flight II 
< 1 ) 
(£) 
(3) 
<4) 


H 


II 


4.9 m/s"2 
E00 degrees F 
l0"-6 torr 
3/24 g/cm"3 


Flight III 
( 1 > 
(2) 

( 3 > 

(4) 


M 


ii 


1 . 63 m/s"2 
-200 degrees F 
10"-6 torr 
3.24 g/cm"3 


Flight IV 

< 4 ) 
(5) 
(3) 

< 4 ) 


n 


M 


1 .63 m/s"2 
-100 degrees F 
10" -6 torr 
3.24 g/cm" 3 


Flight V 
( 1 ) 
( 2 ) 
(3) 
(4 ) 


ii 


H 


1 .63 m/s~2 
100 degrees F 
10"-6 torr 
3.24 g /cm" 3 


Flight VI 
( 1 ) 
( 2 ) 
(3) 

( 4 ) 


1 .63 m/s~2 
ECO degrees F 
1 0" -6 torr 
3.E4 g/cm~3 
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( 1 ) 
< 2 > 

(3) 

(4) 


1 .63 m/s~2 
200 degrees F 
10" -3 torr 

3.24 g/cm~3 


Flight I I X 
( 1 ) 

< 2 ) 
(3) 

(4 ) 


»i 


H 


1 . 63 m/s~2 
200 degrees F 
750 torr 
3.24 g/cm"3 


Flight IX 
( 1 ) 

< 2 > 

(3) 

(4) 


M 


ii 


1 .63 m/s~2 
200 degrees F 
10" -6 torr 
1 .36 g/cm~3 


Flight X 
( 1 ) 
( 2 ) 

(3) 

(4) 


ii 


ii 


1.63 m/s" 2 
200 degrees F 
10~-6 torr 
2.3 g/cm"3 


III. Ground based environmental condition requirements 


Test I 

(1) soil temperature of 
<2) vacuum pressure of 
(3) soil density of 


-200 degrees F 
10"-6 torr 
3.24 g/cm~3 


Test II 
( 1 > 
( 2 ) 
(3) 


ii 


■I 


-100 degrees F 
lC~-6 torr 
3.24 g/cm"3 


Test III 
C 1 ) 
( 2 ) 
(3) 


100 degrees F 
10~-6 torr 

3.24 g/cm" 3 


Test IV 
( 1 > 
( 2 ) 
(3) 


ii 


ii 


200 degrees F 
10"-6 torr 
3.24 g/cm"3 


Test V 

( 1 ) 
( 2 ) 
(3) 


200 degrees F 
1 0" -3 torr 

3 . 24 g /cm" 3 


Test VI 
( 1 ) 

V c ) 

x 3 > 


2CC degrees F 
750 torr 

3.24 g / cm“ 3 
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Test 


Test 


VI I 
( 1 ) 
< 2 > 
(3) 




H 


200 degrees F 
10~-6 torr 
1 . 36 g/cnT3 


VII I 
( 1 ) 
( 2 ) 
(3) 


!• 


ii 


200 degrees F 
l0~-6 torr 
5.3 g/cm‘'3 



6* Digging Implement Methodology 

INTRODUCTION 



The results obtained from our design project 
will be utilized for the design of a lunar 
digging implement. The design of this implement is beyond 
the scope of our project; however, a methodology will be 
given to explain how the results of our design project can 
be applied to the design of the implement. 

CONSTRAINTS 

As mentioned earlier in our report, the lunar 
environment displays some very adverse conditions which will 
affect equipment which might be exposed to it. 

SOIL MECHANICS 

Soil interaction is a very critical concept in the 

design of a lunar digging implement* It must be considered 

since the design will need to optimize a bucket/soil removal 

system. Some of the more critical factors which must be 

taken into consideration are angle of cut and bearing 

capacity* The cutting of the bucket blade through the soil 

is a very important feature. The angle at which the cutting 

edge is designed is very critical in minimizing the forces 

required to push the bucket through the soil • This angle is 

the same as the internal angle of friction of the soil. The 

internal angle of friction cf the soil is determined from 

the direct shear test which is described above in the 
r^por t . 

Designing the cutting edge cf t r.e digging implement a: an 
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angle which is equal to the internal angle of friction of 
the soil not only reduces the normal forces against the 
blade, but also reduces blade wear. 

The bearing capacity deals with the normal forces 
opposing the bucket blade as the blade shears through the 
soil. Lunar soil bearing capacity increases with soil depth 
due to numerous years of compaction. The bearing capacity 
is determined from the static cone penetrometer which is 
described in full detail previously in the report. The 
bearing capacity is the normal force per unit area. This 
can be utilized in determining the size and geometry of the 
implement . 

The extending force of the implement must be enough to 
supply an acceleration capable of penetrating the soil. The 
penetration force can be read directly from the penetrometer 
gage for various depths. Once the maximum force has been 
determined the acceleration of the implement can be 
determined from the following equations 

R = m(a-g) 

R is soil penetration resistance, 
m is the mass of the digging implement, 
a is the acceleration of the implement, 
g is the gravitat ional constant. 


The 

amou 

nt 

of work required 

to force the implement a 

d i s tance 

Ax 

can 

be determined by 

the following equation: 







A x 

i s 

the penetration 

d i s t arce . 


Tp 

1 s 

the penetration 

stress. 


A 

i s 

the i mp 1 emen t ar 

ea . 

TEMPERATURES 
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3 previously in t 

he "e:cr t , the tempe^at^r 
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on the moon are very extreme. They range from -BOO degrees 
Fahrenheit to BOO degrees Fahrenheit. Thus, an object 
sitting partially in the shade will have a temperature of 
-BOO degrees Fahrenheit for the the shaded portion and a 
temperature of BOO degrees Fahrenheit for the exposed 
portion, creating very large thermal stresses in the 
mater i al . 

WEIGHT 

Due to the extreme cost of shipping material to the 
moon, weight is a very important concern. In order to 
minimize weight, maximization of other constraints must be 
considered . 

RADIATION 

The main thing to consider about radiation is its 
affect on materials. Research has been conducted concerning 
radiation, and it was found that radiation effects on 
metals, in general, are very small. Ultimately, radiation 
has almost no effect on physical properties at all. 

MATERIALS 

A very important criteria of the digging implement is 
strength versus weight ratio. This ratio indicates the 
materials which are extremely strong for their densities. 

As stated above, the lunar environment displays very large 
temperature variations. For this reason, any type of 
ecu ipment or material working in this environment mus t be 
able to withstand these extreme conditions. 

It was found durjng our research that lunar so : 1 is 
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This char ac ter ist i c of the soil 


■h 

* 


very gritty and coarse. This characteristic o. 
will result in extreme wear on exposed surfaces and might 
cause failure due to poorly designed equipment. Based on 
the knowledge which our group has obtained concerning this 
subject, it would be advisable to coat the digging implement 
with teflon for overall wear resistance. Another important 
feature which is advisable is to design the digging 
implement with replaceable teeth on the cutting edge in 
order to absorb wear. This will result in a major long term 
cost savings and also reduce major wear on the main shell of 
the digging implement. 

Another important characteristic which m-.st be 
considered is equipment elongation. The extreme 
environmental conditions on the moon, mainly temperature, 
can cause a piece of equipment to fail if the material's 
elongation is not taken into consideration. For this 
'reason, thermal stress calculations must be performed in 
order to determine the type material which is best suited 
for lunar equipment. 

The geometry too must be considered when designing a 
lunar digging implement. This shape must be broken down 
into optimum dimensions, internal radii, capacity, and 
we i gh t . 
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X5T, PARTS LIST 

EeD® tmcstsc. * 


Quant \ ty 

De§cr i.g tlgn 

Mode 1 

PriS§ 

1 

Baseplate (aluminum) 
15in.x I5in.x 3/** in. 

N/A 


4 

Insulated Isolaters 
lin. dia. x 1/8 in. 

N/A 

*10.00 

1 

Heating and Cooling Pad 
lEin. x ISin. x lin. 

WP— 1200 

*100.00 

1 

Soil Sample Container 
lOin. dia. x 8 in. 

N/A 

$20 . 00 

1 

Penetrometer 18 in. 

B-K 

AP-2100 

*600.00 

1 

Hydraulic Actuator 
1/2 ton 

Victor 

Fluids 

VF-H500 

$30.00 

1 

Aluminum Support Truss 
lin. x Sin. x 56in. 

N/A 

$30.00 

4 

Steel Bolts 
3/Bin. x 3 / i n . 

N/A 

$2.00 

4 

Steel Bolt' 
3/8in. x lOin. 

N/A 

o 

o 

» 

4 

Steel Bolts 
3/8in. x lin. 

N/A 

$2.00 

1 

Data Aquisition System 

Br a i nar d 
K i lman 

*2000.00 

1 

Flange lOin. dia. 

x lin. 

N/A 

*2.00 


Subtotal 


*2780.00 


nr rent M odif icat^q^s 


*250. CC 


Total *3020. CO 
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Shear _Ies ter: 
Duan t a ty 


Model 


1 


1 


gesc nig t i 2D 

Shear Test Apparatus 

Data Aquisition 


Model 

Geo test 
52215 


Geo test 
53281 


Price 
S 1 2200 . 00 

S2525.00 


Subtotal 

Equ i ^ment _Mod if i Q§t i.ons 


SI 4725. 00 
S 150 . 00 


Total 


SI 4875. 00 


Uaruum Apparatus 




l 


Vacuum Chamber 
4ft. x 4ft . x 4ft. 


High Vac SISOOOQ.OO 
Equip .Corp . 


gray! ty_Si mul at iqn 

Flight of the KC-135 


Estimated Flight Time= lhour/trial 
Rate of Fuel Consumpt ion=20000 lb/hr 
Price per pound of fuel = $0.20 


ts 
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V. 


CONCLUSIONS 


Since the scope of this report concerns the development of a 
methodology and equipment designed to carry out the experiment, 
the conclusions are based on the methodology, equipment, and the 
project in general. 

The proposed methodology and equipment should yield 
information allowing the most cost and time effective means for 
future testing and evaluation of lunar soil engaging equipment. 

In simpler terms, this means that if a certain parameter does not 
affect the mechanical properties in a substantial way, then that 
parameter is not modeled; thus conserving time and money. 

It is also concluded that this project required a great deal 
of research on the basic civil engineering principles involved in 
mechanical properties testing of soil. While these principles 
are not complex, fio one in our design group had been previously 
exposed to them. It was a goal of the group to give a firm 
foundation in the civil engineering aspects of our project so 
that subsequent work in' this area will be facilitated. 

In terms of the overall value of the project, the design 
group feels that we benefitted in several areas. First, we all 
learned of the workings of groups through our experience with 
each other. We also developed a professional attitude by dealing 
with vendors and engineers in the fields of mechanical and civil 
engineering. We also feel that we have learned a great deal 
about the organization and delegation of project duties. Lastly 
and most i.ncprtant, we feel that we nave greatly enhanced car 
ability to step back from a problem, analyze it clearly, arc 
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V I . RECOMMENDAT 1 ONS 

The use of Computer Aided Design is a tremendous asset to the 
design process. We , the>-ef ore , recommend that the next group 
familirize themselves with the available systems as quickly as 
poss ib 1 e . 

Conservations with Nasa can be great help when a problem is 
encountered. More conversations should be conducted so as to 
utilize their knowledre to the design's benefit. 

This project was an initial design of a new idea, the design 
procedure is not finalized, because improvements in certain areas 
are possible. The following areas are recommended for further 
i nves* i ga t i on . 


1). Eventhough the shear tester is a state of the art 

te-.ting apparatus, it utilizes an analog system. In 
or ier to obtain better data acquisi tion, the system 
should be converted to a digital system. 

S). Obtaining a data acquisition unit for the penetrometer 
was difficult since most of the data is obtained by 
manual calculation, 

3), Further analysis in the methodology of the testing in 
terms of which parameters to vary to yield the most 
information may be beneficial. 

<♦). Recommend that next group devise mere specific methods 
where by the data accumulated will be used in the 
design of lunar equipment ( i.e. hew do ycu u this 
information in design process, what are implications.) 
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VACUUM CHAMBER SETUP 



FIGURE 3 - NO SCALE 










USE OF DATA FROM DIRECT SHEAR TEST 
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FIGURE 5 
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PENETROMETER SETUP 


NUT (TYP) 
WASHER (TYP) 



3/8 X I&I/2 LONG 

. HYDRAULIC ACTUATOR 

COPPER f ntr 3/8 x 1/2 L0NG B0LTS 

TUBING CONNECTED i " ■ £ ) 

TO CONTROL UNIT 

HYDRAULIC PISTON 



■3/8" TIGON 
FLEX TUBING 
TO PRESSURE 
GAGE LOCATED 
OUTSIDE 
CHAMBER 



[FT| 
1 1 


1 r 


1 1 
1 1 

* 

1 1 
M 

J l 



& 


INTERNAL ROD 
EXTERNAL ROD 

■CONE 


FIGURE 7 - NO SCALE 











CONTROL PANEL 
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Hand Operated Direct Shear Apparatus 

Function 

Applies vertical load and manually applies horizontal toad to sample to 

measure shear stream 

Jotting Standards 

AST U 03000 

Specifications 


>ar*H» $</*■ 

7 •? square or 7-U? dam 


Sh*M/n g Fore# 

ISOC ft capacity 


SA*«r loading 

Hane operated cran* ttwouon oea* be* 


Shoor fe#o«jtrr«monr SOC ft 0Oub*e prov.nfl noQ wifn 0.a> iftOOtOr 

Sneer Sc m 

B/orut t horizontally 


Verbc* load 

350 ft cicoc hr counterbalanced *v*te*» 


Sfrftn UtMSisrw'n+su 0oi w3<aio 1 OCC * 0 001 

See* U**Mimen$ Dai *nc<Jtor 1 000 *0 001 

We^nzi 

Two i**g and two 44g 


free e 

Weeded Heel toxm*i t*v*n 


D*nerruons 

74 w ■ 26 1 | floor »c ace 1 



Models 

^Aides spectmen cutter and supply of data sheets 
D-11QA. For ? I ? samples 
D-tlOB. Fof 2*1/? dam samples 

Weights 

Net 165 *>$ Shpg ?W ibs 

Accessories/ Options 

1C- 12. Metric D*at Indicator Ckx> *>se. 25 mm x 0 01 mm 
4C-/J. Metric Dtal Indicator. Coun'erc toe* mse. 25 mm x 0 01 mm 


SOIL^Direct Shear 


Replacement Ports 

D ta I Shear Bom Hominy Uv\ Wl 8 lbs . Ch|nj Wl !0 lb'. 

D 182 Dtt eel Shear Bom ?*/7 dam Net Wl 4 lbs Sr.^ wi ioib' 
0183 Duect Shear Bom ? «? Nr! Wl 7 lbs Shpg Wl 10 lbs 
D 184 Gripper 4sjcm6// For ? 1/? d»am samp!*.* Net Wl 4 Ihs Shm 
Wl 6 lbs t9 

D 188 Bton/e Porous Ptalc Set 7 1,2 dam of two to* D 184 G.-r^r 
Assembly Net Wl 1/2 lb . Shpg Wt 1 lb 
0185 Gripper A ncmblr For? i? samples NH Wl 4 lbs Sr pg an 
6 ibs 

D 186 Specimen Cutter. For ?• 1/2 dam i | thick s-impu-s Ncl Wl 1 '2 b 
Shpg Wl t lb 

Pt87 Square Specimen Cutler for 7 « 7 *3 4 Ihick samples Net Wt 
I /? ib Snpy wt l lb 

Dt90 Shear Bo* CoupAng Net Wi t/? lb Shpg Wl lip 
WS t thg Weight. 

WS 4 . 4 kg We*gM 

OS-f2. Cohesive Materials Data Sheets Pkg of 100 
DS-13. Co/tevonJess Maferiafs Data Sheets Pvg of 100 
LC i D*aUnd<ator. Clockwise 1 000 » 0 00 1 
iC 9 Drat Indicator. Counterctock wise, t 000 xOOOi 


Direct Shear Conversion Set 

Function 

Converts Hand Operated Direct Shear Apparatus (D- 1 10 Senes) io motored 
type 

Models 

Includes motor Lied transmission uni!, sprockets. cha*n and connecting links. 
cha*n guard, reversing and other controls, and assembly dr a*. no 
£Vf?5. UOsr AC 60 HMp 
O- !2*< 220v AC 50/60 Ha. 1 r 
Weights 

Net 155 lbs (70 3 kg). Shpg 200 tbs 190 7 kg) 



Table Model Direct Shear Apparatus 

Function 

Apexes vertical toad and manually applies horizontal load to sample to 

measure Shear strength 

Testing Standards 

ASTUD-X 80 

SpeoFrca/ronj 

n D - 1 tirtpi 

fvv'Mt'cr » fy tab*e or be«ch pan* mo-.mtj 6 • oe nu> .n 

i e*e< r^x^e 

Models 

Di30A For 7 *? s mpfes 
DtJOfl F or 2 • t 7 d am sauc es 
Weghts 

Net f 35 ibs S^pg fftOibs 


L 
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SOIL./Direct Shear 


mmsssm ' . 


mm 


WmM 




Motorized Direct Shear Apparatus ^ * 

J^S^ica. and gonial lei. .o tamp* «* *•«**• *« 

Testing $t*nd*fx!s 
ASTM 03060 

SpidticJtrons — — 

_ ■ rrn ITTITrio — — - 


Homing Net Wt 8lbs.ShP8 Wt 10 lbs 
V\l D^ShiarBo. M/rdam Net Wi A tbs . Shop Wt .0 tbs 
Z\ii ££,!»£, Boa. 2" «J" NelWt 7lbs.Shp, WI tO'bt 
Vvt* GfippefAjtemNyFo.Mrt-d.am samples Net Wt tlbs.Sfp, 

D- f St £bw«PofOos Wafa Set. 2-1/2" d.am . jet ol two to. DIBaGrpc*- 

Assembly Net Wl 1/2 lb. Shpfl Wt 1 lb 

D IBS Gripper Assembly- Fof 2" a 2" samples NctWt 4lbs.Shpp Vfi 

DIB6 SpecfinenCifnef- Fof 2-1/2-di.m * 1" thick samples NctWt 1/2* 

o .,37. K^«an Cun.f. Fof 2" » 2 » 3/4" Owe* samples Ntt * 
1/2#>.5bP0 Wt 1 lb , „ 

0190. Sh**r Bo* Coopting. Net Wt 1/2 lb . Shpg Wt 1 b 
WS 1. 1kg *•&*. 

OS f?. Cohesive Materials Data Sheets. F*Q 1CX ? __ 

DS-13 Cohesioniess Materials Data Sheets^Pkg of tOO 

LC-9. Dial lodfcj for. Clock#. is*; 1 000~ *0 001 - 

LC9 Dial Indicator. Counterclockwise. 1 .000 *0001 


s^Ts^I 1/r — “ * 

0 V 

— — . r^TiT f^ewsfta rmo wstft 

Shear y**u#a m * nL SQ O *> oomo** — a* 

vmr ^TT ~ B> W«. h*< ^ worai^ _ — — "r-rrr 

V0M/ Lo*d g;{|5 ?500%> C So^ coont«ft>*i*AC»(l 

e 1 ggo — 

‘<^1. 

Uttesr*** 1 ^ CS *I 1 000 1 — — — 



W ek3*3 tt»x 

5^^* I i*~ toy»j 

specimen cutte* and supply ol data sheets 
r'rf- C ^K’i IOfAC.60Ha.1p 

01200 ForM/2-d^ samples , , 

£► I20B-*. For 2*1/2” dum sample* 220v AC. SO/60 - ^ 

1500 ft. rerto/ to** cjpac/ftos: fiOMi 13 

0*1 24 A. For 2’ * 2“ samples la 

OI24A-I. For 2” * 2“ sample* ^ AC.SOiWH J 

0*1248. For M/ 2 -diam samples 

0*1248-1 For 2 * 1 / 2 ” d*m samples 220* AC. 50/60 Hz. . 

We/ghfs 

0120 Serve* Net 26C t>* (H82kg» 

0124 Seoes Net 29C lbs [ 1 31 S 

Accessories/ Options ^,** 0 * >0 01 nwncf*<3ua'.W 

£K 0 °' - 

gf soui'tcrks 
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SOIL /Direct Shear 
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Field Direct Shear Set 


Saraar ^ossssssssa 

tost CHt*. 

So * cMcgtion* — 

t+pQ/tuK A** — " 




nict'<pJ^ _^/4hp.iioo,wg». 


2 Hydraulic Loading Ram* with gauge* 
s.« .ncludt. 2 Conc«ntr< P».oo Pump 

1 Variabto Speed Elect/* Pump 

2 Hose*. 12 L 

a Qohtrcil Bearing Attachments 
OSO. 40odo^t«du^Rvn. 

0*1604. 400.0001) Loading Flams. 220* AC 50 Kx. '*• . 

£££ M**< 180 000k9Lo*d.nflR^» 

£M«d*»-* MtliC 1 B 0 . 000 k 9 Loedr^j Rims 2Xw AC. 50 Hi 0 
1372 hOl. S*P0 920 lb*. Ml 7 3 Hfl) 

~>< included, order eeperet.-y «ord«9 to toe* W** 
program reouirefnenta. 


Need product or help in a hurry? 

In Continental U.S. (excluding 1 " l Q5J ,s l’ r ^ i ‘i erl0 
Rico, St. Thomas, St. John, and St. Croix, 

dial toll-free: 

1 - 800 - 323-1242 


In Illinois, dial: 

1 - 800 - 942-3374 


ORIGINAL 

0F POOR 
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SOIL^Direct Shear 



Shear Box Housing 

Function . 

Contain* shear box and water to test saturated sample in u*/ect Shear 
Apparatus (M<xJet Series D- UO. D-120. D-124 and D-130). 

S pecifications 

Conxiruchon Macn*n»d taxi b*onj* 

Igji W»tn mounting ho**s 

SMy Bom AcctvnmodJle-l ? 1 ? C >|W |ry J? ■? Vm 

Models 

D-19L 

Weights 

N«t 8 tt>s . Shpg 10 lbs 



Direct Shear Box 

Function 

Contains and shears soil sample in Direct Shear Apparatus (Model Senes 
D-110A, D-120A. D-124A and D-130A) 

Specifications 


Samp*# +.29 

7 » 2“ * 3/4 th <y 

Canfwmg Pm* 

AJ«jn upoer *nd low** bo * aeclxjn* 

Models 

D-1& 


Weights 

Net 7 lbs ; Shpg 10 tbs. 



Direct Shear Box 

Function 

Contain* and shears soil same's in Direct Shear Apparatus {Model Series 
D-1100. D-12CB. D-12C8. 0-124^ and D-13CB). 

Specifications 


***>*» S-CT* 

2-tr?" dam ■ 1 - tr*c* 

Conurvcton 

Upcw* and kowe* rjvjt o« »nacb*n*d t>*onr* 

CMrng 

Align opCW* and *Cw*t r<ngx 

Models 

t>tiZ 


Weights 

Net 4 Jbe ; Shpg 10 'bs 



Spare Gripper Assembly 

Function 

Holds top and bottom ol aoil sample ir. Model D-182 Shear Box during 
shear testing and allows water to pass. 

Specific* Mors 


5a**pra S'/r 

2-W2 dan 


ftrovi Srontt 

in uoomr and low** v*d»on« with brass gr«o«ng itr<* 


l/pp** Sacro-v 

Pacrurd to r*c#«v* and ai jn toad-nQ yc** 



Models 

D-1$4. 

Weights 

Net 4 lbs ; Shpg 8 Ibe 
Replacement Pdfts 

D*/W. Brorve Porous P1*t* Set With trass gripping strips Net W1 1/2 lb. 
Shpg Wt. 1 lb. 
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SOlU Direct Shear 



Spare Gripper Assembly 

Hows Wand bottom el so,, samp.. ,n Model 0-183 Shear Bo» dunng shear 
IC4tir>Q and allows water to pa** 

Sp&citic* tions 



yp cmr S»cf o<l 


Models 
O- IBS. 


Weights 

Net 4 lbs . Shpg 6 lbs 



Specimen Cutters 

Function 

Cut soil sample to size of shear oox 


Models 

* * 2 - 1/2” dam 
l yi$7 . f ir 2 *2 *3/4 


x 1“ th ck samples Machined steel 
- thick samples Machined brass 


Weights 

Net t/2 tb ; Shpg. t lb 


Shear Box Coupling 


S-aasBirawaa’ 


Models 

£>190. Cast alum 


inum construction 


Direct Shear 


Weights 

Net 1/2 lb . Shpg 1 lb 



Laboratory Vane Tester 


i mold by rotating inserted fins unt 1 


Function . 

Measures shear strength of sample in 
tailore 

Specific* Irons a — 

S^iore Sue Accommodates sUngardjgg*j r°^ ,fy3 


Spr«gi Four newt* . kx< ** 

ff«ouon aooro**^!*^ tey — - 




of 2. 3. * and S ** 


Note Sample molds not included 
0 - 200 . 


Weights 

Net 25 lbs imgl. Shpg 


toe 9 kg) 


32 
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AP-2100 



FAST AND EASV 
Brainard-Kilman's new Port- 
able Static Cone Pene- 
trometer is unmatched in ac- 
curacy and ease ol operation 
for quickly measuring soil 
consistency. The Portat'e 
Static Cone Penetrome- 
ter is specifically designed ‘or 
use in fine-grained, soft soils 
to depths as much as 30 feet! 

Operation couldn't be easier: 
simply force the Cone into the 
soil approximately 6 inches, 
back off until the gauge reads 
zero, then advance another 6 
inches. Cone Stress is read 
directly on the conveniently 
mounted gauge. 

NO SOIL FRICTION 
The Brainard-Ki man Porta- 


> Rapid selection of loca- 
tions for field density 
tests 

Evaluating backfills in 
trenches and behind 
walls 

Light foundation investi - 
gations 

For rapid correlation of 
field CBR tests 


ble Static Cone Pene- 
trometer features dual rod 
construction. As the inner rod 
functions independently of the 
outer rod. scit friction is not a 
factor with this unit Cone 
Stress as read on the gauge 
can be easily correlated to 
local soil constants without 
having to adjust for the soil 
friction coefficient 

MEANT TO BE USED 
Brain ard-Kilman designed the 


ff m m : 

up ■ 


Earthwork control for 
embankments 

Muck & soft soil probes 

Probing shallow marine 
deposits 

Probing beneath exist- 
ing shallow foundations 

• Pavement subgrade 
evaluations 


Portable Static Cone 
Penetrometer to be an ex- 
tremely rugged device, built 
for day-in, day-out use. High 
strength aluminum and steels 
were used in the design to 
protect and maintain the ac- 
curacy of the 0-70 KG/CM 2 
Gauge. 

LIGHTWEIGHT, SELF 
CONTAINED 
The basic Portable Static 
Cone Penetrometer 

weighs or.;y 5 pounds! Even 
with extension rods, the de- 
vice is easily carried by 1 
person. Totally self ccn- 
tained. the Portable Static 
Cone Penetrometer 
requires no auxLary 
equipnr.e"t. 



braiaard- Human 

P 3 Be* 1959. S'.on* Mtn, GA 3C086 
(4CA 469-2720 •1-8C0-241 -9468 


s* * ORIGINAL PAGE U 

C OF POOR QUALITY 






SPECIFICATIONS 

AP-2100 A 

Portable Static Cone Penetrometer with 4' Rod Assembly 

AP-2100 B 

Portable Static Cone Penetrometer with 2.5’ Rod Assembly 

RANGE: Qc Max: 0-70KG/CM* 

LOAD LIMIT: 250 LBS 


weight 6061 -T6 Aluminum. 
Anodized for protection. 

Stainless insert prevents rod 
threads from wearing. 
Smoothly finished inside 
bore and piston for low fric- 
tion coefficient. 

• GAUGE 

Size: 2.5" diameter 

Range: 0- 70 KG/CM2 
Built-in gauge-zeroing ad- 
justment and integral gauge 
guard band 

Material: High Strength, fight 


. CONE 

Material: Stainless SteJ 
Cone End Angle: 60° 

Max. Section Area: 1.5cm 2 

. ROD ASSEMBLY 

Material: 

Outer Rod: High Strength 
4140 Chromoly tubing 
Inner Rod: Centerless 
Ground 316 Stainless 
Steel 

I . HEAD ASSEMBLY 


ORDERING INFORMATION 


PART NO. 

AP-2100 A 
AP-2100 B 

AP-2100-14 

AP-2100-16 

AP-2100-18 
AP-2100-8 
AP.?mn-i i 


description 

Penetrometer with 4' "starter' rod assembly 

Penetrometer with 2.5' ‘starter* rod assembly 

ACCESSORIES 

4' "extension" rod assembly 

2 5* ‘extension rod assembly 

REPLACEMENT PARTS 

Cone Assembly 

4‘ "starter* rod assembly 

2.5' ‘starter* rod assembly 


PRICE 

$ 525.00 
$ 510.00 

$ 63.50 
$ 53.50 

S 51.50 
$ 63 50 
$ 5350 



BHAinARD Human 

P.O. Box 1959. Sion# Win. GA 3C086 
(404)489-2720 -1 -800-241 -9468 
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To: GT5812B Gary Von Mcmurray 

From: GT29**5B Malcolm Todd Butler 
Date: 87/06/30* 16. 1*9*0** 


5ubject:Soi 1 1 

To: Dr .Williams, Me 1*182 Instructor 

From: Group 1* 

Oats: 6/31/87 

Group Members: Todd Butler 

Charles Cline 
Linton Hutcheson 
Steve Scruggs 
Mike Smith 
Nadim Zakhia 


the objective of group U is to design a test apparatus and procedure 
used ti determine the mechanical properties of simulated lunar soil, 
we met with gary.to define our objective since initially there was 
« to the guideline, the project we, to folio*, thu, 
f". we heve dl.eu,.ed our objective, collected l.tereture end 
researched some major topics pertaining to our project. In addition 
to researching literature, we plan to contact various geological 
services In order to collect additional data which might be helpful 
in our research* 


this progress report reflects the work of each group member on an 
equal basis. 


EXPERIMENT 






DATE: July 15- 1987 


TO: Or. Williams. kl82 Instructor 
FROM: Croup 1 * 

SUBJECT: Progress Report on the Soil ExperimEnt 

During the 1 "Lc'hini cs . 

Research*has d been W dohe EYhl'SE of test th.'t ^Id provide the 

t.rr.atri.l .xp.rl.nf. with th.». W«i «' capacltl... 

is: >**• ™*-» 

and failure modesforl ocalxnnserrrx * ®* r ^ tom * Methods that 

„ * tS iJSr M.t .nvlr.n~»t. Various ..port, 

S.’tSTrillffSS.'W- should arrive 1at.r this -h. 


INDIVIDUAL INPUT: 

Penetration Test: Linton, Todd 
Shear Test: Nike. Steve 
Vacuum Chamber: Char l es, Nadi m 
Cad/Cam: Nike 
Processing: Linton 


\ 

,1 




Date: July 22, 1987 


TO: DR. WILLIAMS. ME I* 182 INSTRUCTOR 
FROM: Croup k 

SUBJECT: Progress Report on Soil Experiment 


This week our group has been involved in further research 
of the critical design parameters of the soil experiment. 
sources of information pertaining to the env.ronmental conditions 
of lunar soil have been investigated. The group has de t e J'?'"* d * h ,_ 
number of areas that are critical to the test design. ««diation **! 
been a major subject of our research this past week. We are not yet 
sure how radiation will effect the soil, if at all, ho “* v *' " e J® 
intend to find out in the very near future. Our group Is also con 
tinuing with reseach of how to best simulate the «^.ronment, 

Thi* teems to be one of the major problems which will nave t 
solved. Each member has selected one or several of the environmental 

£Tti“. e | r to fl.in "«»p,P«U," I; «... p.rt.cul,r.r... 

Each member has also been directed to submit. In written • 

summary of pertinent information on their area of expertise to 
lESon Hutcheson who wi 1 1 be giving the oral presentation next week. 

As seen in the initial paragraph, our group has • ,de * 

of what we will design, and now we are 9*t herl "V™!fLj? ® 
criteria as well as methodology for use of a soil experiment. 


INDVIDUAL INPUT: 

Soil Simulant: Charles, Nadim 
Radiation: Linton, Todd 
Temperature Gradient: Mike, Steve 
Gravity and Atmosphere: All Members 
Processing: Linton 
Cad/Cam: Mike 


DIRECT SHEAR TEST SETUP 


\ 

l 



DRAWING #3 







July 29, 19»7 


To: Dr. Williams, HE M82 Instructor 
From: Croup *• 

Subject: Progress Report, Soil Experiment 


n 1 . , k. ...» week we have spent time gathering information and 

i,ich P w,, ,!v.n b, 

on julv 28 Each group member was assigned a certain topic 
ll ^lea^ for th! presentation. The topics and responsible 
group member* ere es follows: 


TOPIC 

Introduction 

Environmental Condi tions 
Type* of Te*ts Proposed 
Equip. Design Utilizing Te*t 
Conclusion 


GROUP MEMBER 
Linton 

Steve f Mike. Char les.Nadim 
Steve . Mi ke, Char 1 e* , Nad i m f Todd 
Todd 
Linton 


,n the next week we are planning to continue 

rr: n ?o t Ldei ti. u.t ti :urit wo rk . E.c h 

will be responsible for the same topic as assigned previously. 


PENETRATION TEST SETUP 



SOIL SAMPLE 






To: GT5812B Gary Von Mcmurray 

From: GT2945B Malcolm Todd Butler 
Date: 87/08/04. 16. 17*03 

Subject: 5oil6 

To 1 Dr. William*. ME 4182 Instructor 

From: Group 4 _ _ . . 

Subject: Progress Report, Soil Experiment 


Du'lng the past week, our group continued ” me 

tooics as assigned previously. However, an effort was made to 
determine exactly what the Internal angle of friction is and how 
it Is determined. Our drawing for the week reflects this. We are 
X of starting to correlate our research material 

meetings in order to start f inal i zing our report. Topics of the week 
and responsible group members are as fellows. 


Topic 

Environmental conditions 


Group Member (s) 
Steve, Nadi a, Char les 


Type Test Proposed 
-Shear test 
-Penetration Te.it 
-Soil Mechanics 
-Word Processing 
-CAD/CAM 


Steve, Nike 
Linton, Todd 
L inton, Nadim 
Todd 
Mike 



To :GT58l2B Gary Von Mcmurrar 
From: GT29**5b Malcolm Todd Butler 

Date: 87/07/07* 17*08.1/. 


To: Dr .Will lams. ME 1.182 Instructor 

Subject:°Pr ogress report concerning the test apparatus and Procedure 
J used to determine the mechanical properties of simulated 

lunar soil. 

Research has been done on the environmental characteristics of the 
moon The environmental conditions of the moon impose the greates 
Sniuiints on the testing apparatus. The most important 
constraints include the following: soil mechanics, radiation, lack o 
atmosphere, temperature, and reduced gravi tatiopnal pull. 

other related design projects were studied In order to determine if 

i5irXiS“ »n SSt'n, «•>« »“•>*•»' “ " >c " por,t,d 

Into our project. 

We met on tuasday the 7th and discussed the following Ideas concerning 
our project: 


1 ) What tests we should choose to work on. 


i) Shear test 


to k rv and split up Into three groups of two for the oore 
J^uin? «.?ingt End th.n -..ting. .11 —>«'» pratant. 

w . ,„o ccpoi.d a rough draft of our problaai atataMM at th. Mating. 

m 

Ll*t of things to do: 

1) Environmental conditions: Linton . Nmd i ■» ^ 

21 Soil testing apparatus: Todd, Linton, Naoim 
3 ) Lunar excavJting bucket (report) :lladim.Steve.Charles 
L) Nasa soil testing 1 5 terature:Steve.Mike.Charles 
5) CAD/CAM: Mike 



o 




DATE: AUG. 10. 1987 


TO: Dr. William*, ME M82 Instructor 
FROM: Group U 

SUBJECT: Progress Report on Soil Experiment 

The actual testing procedure Is being developed this week. A meeting 
was held last thursday to layout an outline for the formal report which is 
listed as follows: 


I ABSTRACT 

I I PROBLEM STATEMENTS 

A. INTRODUCTION 

B. PERFORMANCE OBJECTIVE 

C. CONSTRAINTS 

III DESIGN DETAILS 

A. SUMMARY 

B. ENVIRONMENTAL SIMULATION 

C. SOIL SIMULATION 

D. SHEAR TEST 

E. PENETRATION TEST 

F . TEST PROCEDURE 

G. METHOD OF EVALUATION / DIGGING IMPLEMENT 

IV PARTS LIST / COST ANALYSIS 

V CONCLUSION 

VI RECOMMENDATIONS 

VII ACKNOWLEDGEMENTS 

VIII BIBLIOGRAPHY 

IX APPEND ICIES 


INDIVIDUAL INPUT: 

MIKE SMITH: This week I continued to do research on the direct shear test. 

I looked through the vendor catalogs and picked some candidates for our 
rflrect shear machine. I spoke with Mr. Jay Woldenberg of Geotest Instrument 
Corporation. I am currently awaiting the arrival of information from him. 
Geotest has an Instrumented model which outputs 0 to 2 volt signals. I am 
still searching for a suitable recording device. 

LINTON HUTCHESON: This past weekend I worked with Todd on finishing the 
abstract and problem statement of the outline. I have located various 
studies on eoheslonless soil which utilize the static penetrometer as 
the testing Implement. I have gathered books which contain information 
on the testing procedures involving the shear and penetration tests, 
also obtained some ball park estimates on the costs of penetrometers. 

On Wednsday I am going to contact Brainard Kilman Manufacturing on 
some testing apparatus. 


CHARLES CLINE: Studied affects of vacuum, radiation, and temperature on 
Mtcrialt. Searched for vacuum chamber test facilities. 


TODD BUTLER: Contacted Civil Engineering and talked with Dr. Bachus, 
Dave Brown, and Ed Perkins concerning the static penetrometer and 
shear test apparatus. Got information on manufacturers of testing 
apparatus. 


NADIM ZAKHIA: How temperature results in an increase in the shear strength 
and visa versa. Also for the lower normal stress. the stiffness in a vacuum 
at ambient temperature is approximate the same as for elevated temperature 
in atmosphere. ( Therefore, stiffness of soil is greater in a vacuum than 
at atmosphere) . 


STEVE SCRUGGS: Attempted to call Bromwell and Carrier Inc. to get information 


on basalt soi l 
find a quarry 
Further solidi 


r.rioe to verify our assumptions about the simulant and to 
that b»auT.n be obtained from. Attended meeting Thursday, 
fication on information on simulant and shear test. 


DATE: AUGUST 19. 1987 


TO: Dr. Williams, ME kl82 Instructor 
FROM: Group <• 

SUBJECT: Progress Report for Soil Experiment 

A meeting was held Sat. the 15th to discuss a deadline for the rough draft. 
It was decided that the design discussion section of our report should 
be ready to submit to Charles on Wed. the 19th for typing. The following list 
is a breakdown of each members responsibilities for the final report: 

TODO BUTLER: model construction, locate equipment to be used in final 
presentation, editing report. . 

MIKE SMITH: organize and complete drawings to be used in report. 

STEVE SCRUGS: aid Charles in preparing report for typing, help prepare visuals 

NADIM ZAKHIA: outline and organize the appendicies for report, typing 

UMTM%^CHESOH: P model°constuction, prepare and give oral presentation, aid 
in preparing visuals, help organize final report. 

INDIVIDUAL INPUT: 

TODD BUTLER: Borrowed a static cone penetrometer from Bra inard Ki liman Inc. 
Gathered materials for model and began construction. Finished rough draft 
of digging implement section of report. . , 

LINTON HUTCHESON: Arranged to borrow a direct shear test unit from the c 
engineering school. Aiding in model conduction. Located equipment needed 
to modify the penetrometer for our experiment. 

MIKE SMITH: Locating and confer ing with the manufacturers of the shear teste 
to find out if the neccesary modifications can be made. Weekly drawing. 

STEVE SCRUGS: Obtained information on soi 1 simulant. 

CHARLES CLINE: Located an off the self device that would both heat and 
cool the soil sample for the penetration test. Contacted vender to size 
the chamber and to specffy the location of window. 

NADIM ZAKHIA: Studied Information of outgassing effects on sons. 



3750 DIA (-3.1250 
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SHEAR APPARATUS 
INTRODUCTION t 

The direct sheer test is used to -easure the sh 

sex™*: 

i:IHSSS a :a r :i ld iJdi.tSSernr ca »i:is:5^::Jie:. al i 

under e vertical (normal) stress end e horisontel force is 
_ nulled so es to fell the specimen along a horizontal pinna • 
iu^id point. Generali y a ainiaua of 3 specimens, each under a 
different normal stress, are tested. 

JS'Cw TjSrLS-S' 'SSnEH 

ssuftr^js^s* ".“««» *• 

manufacturers. 

MOTORIZED DIRECT RKIWAL SHEAR imlATOS ^ .h..r ..chin... 

Th... S ^!lIi..“«« C i .f f..t.r.. not mlHtt. fro. 

* a p»Jo.Itlc*.pp*le.t*.n o£ con.oliE.tle. lo.E 

s-Su <« ••••»«••»* « .h.« ..« 

residual shear stress 
Rapid return feature 
Easy access to shear box 

Si*u:idi 1 ti; l n*:.? f .s:« ; *.*« »* < ia »> •‘•■ d * rd 

s::^f e *:rrUi» ;«ft«^n.3;i.°tbk..b.ut 

»■ *” 4 Ettfctl.. 1. .PP.T..C. 

Guaranteed against all defects for 2 years 
Made and serviced in U.S.A. 

ssss l s«rs. : t i:f;io. ; .d ...... j..*. c»b. t 

access to the saspls* 

Perf oralng residual shear teat, is autosatic. The operator 

sariiTSia! *!B ‘aaiTJSS.Kii, ISrSS 


1 



X 


The following 3 models of motorized direct; residual 
apparatus are available i 

S2213 MOTORIZED DIRECT SHEAR APPARATUS 

This aachine offers all features previously described. 
Norasl load is indicated on a 6" diameter test gage accurate to 
1/4 of 1 percent. Rate of strain is digitally displayed. 
Consolidation and shear strain are displayed by respective dial 
indicators included. Shear and residual shear stress are sensed 
by a compression-tension load cell and displayed in 1 lbf 
increments or in International units on a digital readout with a 
measured 2 volt output to interface with recorder or computer. 
Any single size shear box, housing, cutting shoe and extruder up 
to 4X4" is included. Ho other accessories are necessary. 
Ceuaclty is 2,200 lbf (10 kN) for normal (consolidation) end 
sheer loads Speed range (strain rats) is .0000-*- to .05® inch 
(.0005' to V.3 ■■) P« r si®* 4 ** * rspid return feature permits 

quick ' repositioning at and of test. Spaed is controlled to 
better than +/- IX of set point. Standard voltage 

characteristics sra 115 VAC. For 230 VAC, specify S2213-3. 
Shipping Weight* 190 lbs (87 kg); 10 cu. ft. 

52215 DIGITAL DIRECT SHEAR APPARATUS 

This machine is a complstaly instrumented version of S2213. 
Both dial indicators have been replaced with LVDT-dial indicator 
combinations and digital displays. The 6" test gauge ha. been 
raplacad by a praaaura tranaducar vblch aiaplaya noraal load In 1 
lbf increments or kgf on a digital display. All 4 displays have 
measured 2 volt analog output to interface with a recorder of 
computer. A fifth display with no output indicates exact rat. 
of 'strain. Size and weight is same as S2213. Apparatus is 
furnished complete with one shear box and accessories *p to 4X4 
(sea description of S2213). Standard voltage characteristics are 
115 VAC. For 230 VAC, specify S2215-3. 

52216 STRESS STRAIN DIGITAL DIRECT SHEAR APPARATUS , 

S2216 has same digital displays ss S2215 but Includes 

additional instrumentation to permit performance of controlled 
•trass shear tests as wall ss controlled rata of strain tssts. 
An additional controller permits load to be applied at a constant 
rata of stress which la set st the operators option. Size and 
walaht is same as S2213 and S2215. Standard voltage 
characteristics are 115 VAC. For 230 VAC, specify S2216-3. 

ACCESSORIES 

S2228 Outer Sheer Box Housing 

The housing is machined from cast naval bronze and is 
highly resistant to corrosion. It has grooves at bottom to 
assist in drainage of saturation water. This housing will 
accommodate any Geotest sheer box up to 4X4" (10X10 cm). 

S2230 Shear Box 2X2" (5.04 X 5.04 ca) 
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S2208 LEVER MOTORIZED DIRECT/RESIDUAL 

SHEAR APPARATUS _ _ . i ow . r 

This apparatus , not sanufactured by Geoteat, offers a lover 
* ..?ho5 to perfora direct and residual shear tests than 

sS5l». 1* i.d »6 pravloualy daacrlbad. It. 

c»i«. ;.r, favorably t. oth.r f.r.l.a „..f.c«.r.d ah.ar 

appara... * «P « 4.*- (100.100 a.) ... b. 

accoaaodatad . Tha Tactical load la applied to tha apaclaan by 

Fo __ ii*it switches prevent overrun in any direction. 
lYAVuil IhXr tleie ere acJoapli.h.d by reversing travel. 

KSSiluV. *!.».**• (1*00.580.1160 ..)! Sta.d.rd ..It... 1. 
115 VAC. For 230 VAC, specify S2208-3. 

Shipping Weight* 570 lbs (259 kg)t A2 cu. ft. 

Accessories for S2208 

S2208-A Sheer Bo* 2.5" disaster. - 

The shear bo* includes 2 porous stones end adapter to fit 

into shear machine carriage. Saaple ia 1 high. 

S2206-B Shear Bo* 60 an disaster. 

S2208-C Shear Bo* 60*60 aa. 

S2208-G Shear Bo* 100*100 aa. 

Saaple cutters and taapers for above ei*es are also aveilsble. 

S23 *°IbK"i5“r«“ CT «““ « JSSli 1 ?? «. 

s^“u?s&. f s ,, La s&'&sr nxin s: 4 . 1 .: *. 

l.,..t.r .f .!i;.S T '.p,. r .t». 1. carried 1. a U.ht. .1..1... 

t i::,!: rr ii:«r!:;-2o.M;;ri:.’'::«r.tij.*.;. 

force ls 7 applied with s hand screw jack. The shear box haa 
uJSSJ and lower portion which are free to aovs during test. A 

200 kgf proving ring and ruler aeasure shear stress an s r 


PR£CED,WG ««* BU NK NOT FJLMf 


The complete apparatus supplied Includes Batched set of 
proving rings, 50 kg of weights, consolidation dial indicator, 
••■pie preparation rings with hollow punch and porous stones. 
Overall dimensions are 70x70*125 ca. Voltage requirements are 
115/60/1. For 230/50/1, specify S2350-3. 

Shipping Weight l 500 lbs (227 kg); 30 cm. ft. 


S2360 . RING SHEAR TYPE DEBRIS FLOW APPARATUS 

This apparatus also Invented by Dr, Kyoji Sassa Is now being 
used by the U.S. Geological Survey to study mechanism In 
liquified land slides Including debris flow. In use a sample Is 
placed In a ring type shear box referred to as a sample box and 
saturated with water. The sample box consists of an upper half 
ring .and a lower half ring and the sample shears along the 
junction of the two rings when e turning movement Is epplled to 
the lover half ring while the upper half ring remains stationary. 

A vertical load Is applied to the sample while the torque and/or 
turning angle ere being measured as the sample Is sheared. 

O.D. of semple box Is 48 cm; I.D. la 30 ca and over ell 
height of upper and lover halves Is 9 ca. Sheering force Is 
provided by e servo motor. The high speed renge using the motor 
drive Is useful In performing liquefaction tests while the low 
speed renge la recoansnded for drained shear taste. Using the 
servo drive provides a controlled rate of strain test while using 
the servo drive with feedback allows testing to be done under 
controlled rate of stress conditions. 

Vertical (normal loading) Is done pneumatically with air 
provided from an air compressor. Load la applied evenly over 
entire top surface of sample. 

Loed cells measure vertical and shearing forces; turning 
angle Is aeesured by a potentiometer; volume change by a dial 
Indicator and differential transformer; vertical displacement Is 
measured with a dial Indicator. The following 4 propertlea are 
digitally displayed on electronic readouts with outputs that will 
Interface to a data recording systea or computer If desired t le 
vertical load, ahearing torque, turning angle and volume change. 

More detailed information on this apparatus as well as 
copies of papers presented by Dr. Sassa ere available upon 
request from Ceotest. 

SIMPLE SHEAR APPARATUS 

INTRODUCTION 

A simple shear test - a plane strain test in which the 
principal axas of stress and strain rotate-closely approximates 
the conditions likely to occur in a soil mass In many practical 
situations. There are several very Interesting simple shear 
devices being sold throughout the world. Almost all are now 
based on the Norwegian Geotechnical Institute (NGI) design which 
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5 . Th. device c.e be coctroll.d eenuell, er b, . cpeter. 

6. Dlglcel readout, ere .tand.rd 

atreaeea, per. »•*•* »”*!J'* t i.te, e aix channel high .peed 
SilJ’iSJt ;««d« 1 . r.coa.e.d.d and can b. provided. 

52401 BUDHU SIMPLE SHEAR APPARATUS 

Vertical load la “ pp J*“ d r S2213** 1 E®>” **hen placing the 
to our direct .h.« .pp.r.tu. <S«l*j «• » f C . B *. ...11, 
ahaor box In pBl h*. th“..-pl. •»<> »}}• 

removed to provide diaoleceaente are aeaeured by apeciallj 
Vertical end •*»••* **■*, dlsP ia T «d. Normal streaa, 

designed LVDT s end *** J seasured by e epeciel load cell in 

etress end pore P£***|* la JJ n end digitally displayed with a 

■aa.urld'^ootpnt 'lor «».«‘o. 

Hov.v.r, a high.r c.p.clt, can b. 

provided 

« cyclic and cloned ^ J -^.lEdT. S^ict* jCS 
cost drive system sisilsr to ' t provided In S2401 is a 

apparatus can be off * r * • llgd apparatus with capability of 
fully automated %o 2 Hertz) sispls shear loading to 

applying Jt.tie or cyclic (up condiJion. to a -«i-« 

the easpi* under ^calne kPa system Is capable of 

ipplltd ibtir strooo ^nd §triSi*co&trollid 

condl tlona^'^Loedlng^can n r «»;"ll.d »«.»7 or h, . cputor. 

To ochlov. aanpla •**“?“”; ilSi.fld’throoiho.V'.ll^te.t 

?«: gg: 

...itirr^’cUnsi £?;.£££ 

pressure and foltt*® change* 

4 ., olxa ...pi. H«« STagSgS. 1 * &EA' «XZ •» 

provided op to 70x70 ■■ (or * aanplo la oncloaed within a 

ivalleble are *5x45 and *5x65 an. Th. ao.pi. llt g taflon 

rubber ..nbr.no ond .urround.d b, . od ...pi. 

coated ring. App.r.tu. 1H ' if'I.n.A. and .tlff.r 

L ::.v: h . 1 i c .iti; u.«n-. 

Tha baaic ai.ple .hear •* p *t* t 23 J .i2x40 l **/2*. Additional 

40x16% The control p..ol ««««.”j} J ^“ori;;. data logger. 

apaca ohould b * ‘ Co.puter aoftwar. 1. being developed 

SrS! 1 K'ivoluM’. ehorf period of tl.e. 
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, *;• :;j«i ”nr.r£ .sis..; 5 

£»...*« ««* risr-SEts 
sssiir**- §- 

JFF*' P J** e *1. enlarged end horitontelly gelded by n linear 

iv.li:> p i s«i; j. tb , 1 ...^ 52 nsa-»d“nSiJr-^: 

in contact with the P Is placed into a conventional 

£;«}” Uirir; i..di»g fr.... i» * ppip th * eoofl,,1, “ 

preeeure end to drive the top plate oertlcelly. 

t located load-cello allow for accurate neaauraaent 

°f -thl .xi.i £®5f i± .j5s c sssSS*S~5X«SSJ. t SS-Si5 t U2 SiSJ 

interaadiate principal strasa. 

S2600 la the baaic biaxial apparatua laaa the varioua 
,wnr. S ini! cella and tranaducara naadad to conpletely 

or S5722. 

OTHER SHEAR TEST APPARATUS 

E-280P0CEET PENETROMETER fr . queBtly tt . ed in.tru.ent 

The pocket aoiipene a spring operated device uaed to 

m.or! >a l«pr<S*lM atrength of aoll by pn-biji ■ .‘'dijJh * 

. . . . i / ah diiiaeter loading pleton Into aoll to a deptn 

poilehed 1/4 £ *.C5 eieer. Inch. 4 ep.ol.l ed.pt.r 

a.isUtMd-L ^ 

bait loop ia includad. Length o 1/a # 

Shipping Weight* 1 lb (.A5 kg); .1 cu. ft. 

E-281 Penetroneter Adapter Foot 1" dianeter. 

I - J8 SI?r”« L t«»r S “‘«“ V » E r*P‘->^ determine .beer etr.n.tb 

• £ «$: : £rtii\i;.r^; i :.ri sssra thi\;;:r th ;.«; 

£.“ r ” 1 Ti:’:uu;i 1 r«;i*.; i :^n» 1 d o “y\Jrr.~ti 1 r l i. , i:=.rd.d 

SSs 

“JiUlre* (?-*Sls) oJ bU^cnP^lb/H-ZSSHC) r.ned foot. Th. 
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rods that slide i»si<le the 

«««<» the tip of a tnechamcJ 


I v** w 

'Z**** distance or end-bearint '<** 
*^<r^istance to penetration devel- 

5" ^JlToe divided by its horizontally 


Standard Method for » • 

DEEP, QUASI-STATIC, CONE AND FRICTION-CONE 
PENETRATION TESTS OF SOIL’ 

tv, ■ it * rVta*njavMi D 3441; the number immadiaurty fi»U>»tnc the dmfmtacxi 

jlT n r M irffM m c£ioml efttagr iau the hai rww « (■ppotiiL i 


I. Scope 

I.t This method covers the determination 
of end bearing and side friction, the compo- 
nents of penetration resistance which are de- 
veloped during the steady slow penetration of 
a pointed rod into sod. This method supplies 
data on the engineering properties of sofl in- 
tended to help with the design and construc- 
tion of earthworks and foundations for struc- 
tures. This method is sometimes referred to 
as the "Dutch Cooe Test-" 

\2 This method includes use of both 
cooe and friction-cone penetrometers, of 
both the mechanical and electric types. 

HOT* I— This method does not include hy- 
draulic penetrometers. Such penetrometers use a 
hydraulic system to extend the penetrometer tip. or 
to transmit the penetration resistance**) from the 
tip to the reconftag unit, or both. However, 
many of the requirements herein could also apply 
to hydraufic penetrometeft- 

I J Mechanical penetrometers of the type 
described in this method operate incremen- 
tally. using a telescoping penetrometer tip, 
resulting in no movement of the push rods 
during the measurement of the resistance 
components. Design constraints for mechani- 
cal penetrometers preclude a complete sepa- 
ration of the end-bearing and side-friction 
components. Electric penetrometers are ad- 
vanced continuously and permit separate 
measurement of both components. Differ- 
ences in shape and method of advance be- 
tween cone penetrometer tips may result in 
significant differences in one or both resist- 
ance components. 

2- Defloitkxtt 

2.1 cone penetrometer — an instrument in 


the form of a cylindrical rod with « 
point designed for penetrating soil mi * 
rock and for measuring the end-bcaik| e— 
ponent of penetration resistance. ; j 

2-2 friction-cone penetrometer— % ^ 
penetrometer with the addition! ctpj^ 
of measuring the local side frktiotoo^ 
nent of penetration resistance. _ 

2.3 mechanical penetrometer —a pfe 
trooeter that uses a set of inner nxfciaep 
ate a telescoping penetrometer dp «Th 
transmit the component^) of penetmtafk 
sistahee tc the surface for measurtaaei^ 

2.4 electric penetrometer — * P««9i9 
ter that uses electric-force transdnctfl ki- 
rn to a nontclescoping penetrometff **1 
measuring, within the tip, the compoa 

of penetration resistance. - y * 

2.5 penetrometer tip — the end tec9ai* 
the penetrometer, which comprises 
elements that sense the soil resistiaca® 
cone, and in the case of the fricuc* tm 
penetrometer, the friction sleeve. 

2.6 cone — the cone-shaped poi* » * 
penetrometer tip. upon which the 

ing resistance develops. 

2.7 friction sleeve — a section of 

trometer tip upon which the local -* 
tion resistance develops. # 

2.1 push rods— the thick-wafled 
other suitable rods, used for ad v »®f*^ 
penetrometer tip to the required test 

i<T y 

1 Tkm mm±c4 * u*d«r tte jum<kctso® d ***^0 
mgam D-lS o® Soil ud Jt xk uvlxd* 
of SvbcpAttiUW Dll 02 O® ted * 

Twang far Soil Ibv«j,|juo4ii . 

C«rr*®i cdiuo® jpyra*«i i««« 

Ong^Ally ckiNlUuU u D 3441 ' 5 1 

cUmo® D 3441 - ts T 


"Sis, ana. /.-the 

develop by ** & ?^ 00 

♦ the verticil force VPP'> t dw 

**!fjvided by its » rfac f e 
^wosists of the sum of fr*aon and 

ratio, A, -the ratio of rrictioo 
I resistance././*. expressed m 


* ./ ,uitdini — the entire series of 

tjjff'tests performed at one location 
- cone penetrometer. 

Tftkdon-cone ^ J nUre “" 

*rfV«*xarion tests performed at one 
J,Vb« using a frfction-cone penetro- 


ufcbae^-Tbe cone shall have a «Wef t 
angle and. base fcmeter ». < 

SfaMWin. (35.7 * M i* 
nwwdrf area of 1.55 to- 0® e®*) - 

1—1® *oft tods, the total wjd-mistaaec 

fcOBfetteti penetrometer. Ini **c*s€,*pm 

teihgr projected are* may be wed 
£Mry naau similar to that for the 1.5 

lU Friction Sleeve, having the same out- 
«k«aaeter +0.024 to -0.000 m. (+0.5 to 
«M hi) as the base diameter of the cone 
*•1.1.1). No other part of the penetrometer 
project outside the sleeve diameter. 
Surface area of the sleeve sha3be lJ.5or 
AJh.* (too or 150 cm 1 ) *• 

UJ Steel — The cone and frittion sleeve 
•« he made from steel of a type and hard- 
Wminot, m resist *ear due to abrasion by 
■•-The friction sleeve shall have and main- 
W *el uc a roughness of 20 n m- (®-5 i*®) 
*<*50%. 

halt Rods — Made of salable steel. 
W» red, must have a section adequati 





Apollo 12: Penetrometer 
(Surveyor III) 

Apollo 12: Vacuum 
Direct Shear 
Apollo 12: Direct 
Shear (Surveyor III) 

Luna 16 A 20: Direct 

Shear and Coulomb Device 



N/A 

0-0.7 

28-35 

0. 1-3.1 

13-56 

3. 9-5. 9 

20-25 


Mitchell (1970) 

Jaffe (1971) 

Carrier et al. (1972b, 
1973c) 

Jaffe (1973) 

Leonovich et al. (1974, 
1975); Gromov et al. 
(1972) 


Assumed 

*Hean of 69 values 
\Mean of 25 values 
♦Estimated 

or* h/WiD Or' A Tc fie. 
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z, CONE AND FRICTION-CONE ^ j 

s of soil 1 ;; *. 

rkn «v«o. A " 

ifcg ^ ir^o* Of n»ppfO»U- * • ; 


linatSon 
compo- 
arc de- 
ationcf 
uppties 
soil m- 
nstruc* 
r struc- 
rrrcd to 

of both 
crs, «f 

:s. - 

hxte hy- 
en we i 
ter tip. or 
from the 
However. 
!w ifply 


toV , rods — rods that (tide inridc the 
i«d* lo extend the tip of » mech*nic«l 

resistance or end-bearing resist- 
*• _!ht resistance to penetration devel- 
t>v the coo«. e ^* 1 to the vertical force 
w c onc divided by it* horixonully 

F*V, friction resistance, /.—the resistance 
*J~eiration developed by the friction 
•JJTequal to the vertical force hpplied to 
JTLve divided by its suiface area. This 
** consists of the sum of friction and 


the form of a cylindrical rod wfth • 
point designed for penetraung MS aad « 
rock and for measuring the end-bearing N» 
pooent of penetration resistance. v 

2.2 Jnction-cone penetrometer —* mm 
penetrometer with the 

of measuring the local side frictioa 
sent of penetration resistance. j ij£s 

2.3 mechanical 
troroeter that uses a Kt of 

■ate a telescoping F^^TXSSn*’ 
transmit the components) of pe yu»» w. 
•.stance to the surface for »»»«**+£• 

2.4 electric penetrometer —a pw-t -W 
ter that uses electric-force <*»”***, 
into a nootelescoptng penetronyM* 

-measuring. wilhin the lip. C *°T*- >> 

Of penetration resistance. -j 

2-3 penetrometer tip the *®y . | 

the penetrometer, which g, 1 

that sense the soil reris«sa*^_ | 


VOfikoen ratio. R ,— the ratio of friction 
* 1 ,0 cone resistance,/^? « expressed in 


the type 
jremen- 
;ter lip. 
sh rods 
rsistancc 
mechan*- 
etc sepa- 
e -friction 
s arc ad* 
separate 

s. Differ* 

vancc be* 
result in 
Hb resist- 


rumen t in 


elements that sense the »5~ 
cone, and in the case of ** 0 * 
penetrometer, the fncuon *"*• * 

2.6 cone — the cone-shaped 

penetrometer tip. upon which «*. J*’ , 
it* resistance develops. gg j 

2.7 friction s'erve-a sec 

trometer tip upon which the „ ... 

lion resistance develops. *** 

2 .S pwh rods— the *' c *' 
other suiuble rods, used . 

penetrometer tip to the rtq , 1 y 

~Tsfi**L 

b«m D-ISoa Soil t*!.*.... m* 

gj c^tonoutMc DU 02 °* S*®P“** 

T«^< ** ^ |fTS 

c2- «**» * 2. , - n r 

IfTy OnfiaiUj puWii*« ^ 
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rounding — the entire series of 
— |rr — tests performed at one location 
niui i cone penetrometer* 

HI )Kctu>ff~C 0 *r i oundiRf — the entire se- 
^ rf penetration tests performed at one 
when u sing a friction-cone penetro- 

v* - 

V4|jsz*fctt 

. 3 JII Coac— The cooe shall have a 6 Meg 
%Mag) point angle and a base diameter of 
U* a 0.016 in. ( 35.7 * 0.4 mm), resulting 
| jU greeted area of 1 35 in.* (10 cm*). 

>a 3— I» soft soils, the total soO-resbtaK* 
Ac com may be msufficieat to support the 
OaNM wtjghi of the cooe aod inner rods of 
bietiii il pcacoomeUT. la this case. Ops 
jg t bpr projected am my be used if thetr 
|**y rams similar to that for the I 33 in * 

^•3 Friction Sleeve, having the same out* 
• ^meter +0.024 to -0.000 in. (+03 to 
y ia) as the base diameter of the cooe 
JUl). No other part of the penetrometer 
project outside the sleeve diameter, 
area of the sleeve shall be 15.5 or 
■j^'UflOor 150 cm*) a2*. 
jJ-feri — The conc and friction sleeve 
jjy*ade from steel of a type and hard- 
^ to resist wear due to abrasion by 

^ 2 * ^ctioo sleeve shall have and main* 
a rou|hncss of 20 p in. (03 pm) 

Aods_M»de of suitable steel 
have a section adequate 


D 3441 

ou slain, without buckling, the thrust required 
to advance the penetrometer tip. They must 
have an outside diameter not greater than the 
diameter of the base of the cone for a length 
of at least 13 ft (0.4 m) above the base, or, in 
the case of the friction-cone penetrometer, at 
least 1.0 ft (03 m) above the top of the fric- 
tion sleeve. Each push rod must have the 
tame, constant inside diameter. They must 
•crew or attach together to bear apinst each 
ocher and form a rigid-joimed string of rods 
with a continuous, straight axis. 

3.13 InaerKods— Mechanical penetrome- 
ters require a separate set of steel, or other 
metal alloy, inner rods within the steel push 
rods. The inner rods must have a constpt 
outside diameter with a roughness, excluding 
waviness, less than 10 pin. (0.25 pm) AA. 
They must have the same length as the push 
rods (±0.004 b. or ± 0.1 mm) and a cross 
section adrq”* 1 * to transmit the cone resist- 
ance without buckling or other damage. Clear- 
ance between inner rods and push rods shall 
be between 0.020 and-0.040 in. (03 and 1.0 
mm). See S.t.l. 

3.1.6 Measurement Accuracy — Maintain 
the thrust-measuring instrumental] on to ob- 
tain thrust measurements within ±5 % of the 
correct values. 

33 Mechanical renetromeien: 

33.1 The sb'dii* mechanism necessary in 
a mechanical penetrometer tip must allow a 
downward movement of the cone in relation 
to the push rods of at least 13 in. (30 5 mm). 

Kerrs 3— -Al certain combinations of depth and 
tip resistances), the clastic compression of the 
feDcr rods may exceed the downward stroke that 
the thrust machine can apply to the inner rods 
relative to the push rods, in thii case, the up w-flj 
» not extend and the thrust readings will nse etou- 
caly to the end of the machine stroke ind then 
, jump abruptly when the thrust machine makes con- 
tact with the push rods. 

333 Mechanical penetrometer tip design 
thaD include protection against soil entering 
t the sliding mechanism and affecting the resisl- 
- ance component(s) (see 3 2.3 and Note 4). 
f 333 Cone Penetrometer— Figure 1 shows 
(be design and action of one mechanical cone 
) penetrometer dp. A mantle of reduced diame- 
ter is attached above the cone to minimize 
l possible soil contamination of the sliding 
;hanism. 
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i 4 — An onknown amourt of *d« &j«non 
rvelop along this mande and be included in 
•e rtiiitirtcc. 

4 Friction-Cone Penetrometer— Fig- 
sbo»s Uk design a«l *ction of ooe 
•pins mechanical friction-cone peo«- 
ler lip. The lower part of the lip. u»- 
w • mantle to which the cone attache*, 
ces first until the fiance engage* the 
a sleeve and then both advance. 

n 5 The shoulder at the lower end of the 

s sleeve encounters tad beawi resistance, 
fa as much a* two third* of the 
aay consist of bearing on this shoulder. Ig- 
fcs effect in soft to merfiuw clays. 

J Measuring Equipment— Median 

metration resistances) at the surface hy 
able device such as a hydraulic or elec- 
md cell or proving ring. 

Electric Penetrometers: 

.1 Cone Penetrometer — Figure 3 shows 
lesign for an electric-cone penetrometer 
The cooc resistance is measured hy 
a of a force transducer attached to the 
An electric cable or other suitable sys* 
ransmits the transducer signals to a data 
ding tyitem. Electric Krone penetrome- 
thafl permit continuous advance and ru- 
ng over each push rod-length interval. 

1 2 Friction-Cone Penetrometer TV 

•m of the friction sleeve shall not be 
: than 0.4 in. (10 mm) above the base of 
zone. The seme, requirements as 3.3.1 
f . Figure 4 shows ooe design for in t\tc- 
nctkro-cooe penetrometer tip. 

I Thrust Machine — This machine shall 
ide i continuous stroke* preferably over 
unce greater thin ooe push rod length, 
machine must advance the penetrometer 
t a constant rate while the magnitude of 
hrust required fluctuates (see 4.1.2). 

iXkN) toopSlT 

} Reaction Equipment— The proper per- 
ance of the static -thrust machine re- 
t stable, static reaction. 
ejrg 7— The type of reaction provided my 
• penetrometer resistance/*) measured, 

c olarty ia the surface or aear-eurface layers. 

tacedere 
1 Genera/; 


4.1.1 Set up the thrust machine r 0r% 
direction as near vertical as practice 

4.1.2 Rate of Penetration— \ 


4.1.2 Rate of Penetration— 
rate of depth penetration of 2 to 4 
20 mm/s) ±25 % when obtaining 
data. Other rates of penetration may 
between tests. 

Ncm t— The rate of 2 It/min (10 UA) 
die time the operator needs to read «— 
resistance values when using the me 


_ « s „unce test data, or cone and 
‘^stance test data when usmg a fnc- 
*£^cord only those thrust read- 
i fcp* _ A.r.nrA ivTinl dunng 


duce a specie 
or special pr 
ducer/* in 10 



resistance vwk> ZS2S 

bon -cooc penetrometer, the rate of 4 
Bn/i) is suitable for the single reusuaca ^ 
. . “ — the mechanical 


movement of the top of the 
relation to the top of the push 

'^Slause of the eUitic ComprtS ]'° n ?! 

\+ Hole 3). this point ordm^J 

^ ic than 1.0 «. (25 mm) 
V-T^aSe movement of the inner 


required when vsing we cam 

irometcr and provides for the efficieat i “ 

electric peoetromctei*- . 

Hot* 9 — The engiBecr may wish lo «•« *. 
duccd rates of penetration to study potwMt „ 
aressure and other effects oo the rtsisuace- — 
eends) obtained using the standard rale. 

4 2 Mechanical Penetrometers: 

4 2. ] Cone Penetrometer — (I) A«% 
penetrometer tip to the required test deyfr^ 
applying sufficient thrust on the putgg 
and (2) Apply sufficient thrust oo A, S 
rods to extend the penetrometer tip (at % j 
I). Obtain the cone resistance at ■ i 
point (see 4.2 J) during the dowow*d«*' 
mem of the inner rods relative to the «*■ 
ary push rods. Repeat step (1) A ppfr m 
cient thrust on the push rods to Mfrfdl 
extended tip and advance it to « nt^OI 
depth. By continnaHy repeating this ri*|l 
cycle, obtain cone resistance date **L 
ments of depth. This increment shalntfOT 
narily exceed I in. (203 mm). 

4.2.2 Friction-Cone renetromem-^m 
this penetrometer as described m 4ii » 
obtain two resistances during the 
extension of the tip (see Figs 2 and»^ 
obtain the cone resistance durrng 
phase of the extension. When the lowj^ 
of the tip engages and pulls down the , 
sleeve, obtain a second measure®* ■ | 

total resistance of the cone plus ■ I 
Subtraction gives the sleeve resists** ^ 

Not* 10— Because of tofl la y w KfJ giW 
resistance may change dunng tht»d/mooa^ 
ward movement of the tip requned . 

friction measurement (see Nou 1*3- 

Not* 1 1 — The tod friction atoi* 

•a additional overburden load 

cone and may increase co* reststsnee 

measured during the mmal 

boo by u anknowu. bat probably ; 

{port tkii effect. ^ 

4.2.3 Recording Data - To o bui* 


«.l 


r . — htivc movement 
^**5 „ us ing the friction-cone penetrom- 
-►^point shall be just before the cone 
Ae friction sleeve. 


tween the f 

allowable m< 
push rods w: 

tip. 

er 

5.2 Preve 
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the thrust i 

er 

prevent sigr 

se 

between the 
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Note 13- 
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tem of cisir 
budding of t 
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to 
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5.3 Drift 

exceeding 


probably d 

ten 

ment. Occ 

rv 


making su; 
into soil d 
literal thrv 
obstnictio 


■£, - obtain the cone pius ^ on '^ 

* t rredii as soon as possible aftertbe 

u to mini mire the error desenbe evc n at i« 

^t Cnless using continuous recording as rods 

*£ Jtbe operator should not record » ^Lktag sur 
friction resistance if be suspects - 

resistance is changing abruptly or 

•Jj^ric Penetrometers: 

U1 If u”"» continuous electric cable. 

it through the push rods. . 

•J^ordlhe initial reading(s) w*th the 
dp hanging freely m air or in 
Mm ouTof direct sunti^t. and afrer an 

penetration, test hole so that the 

l temperature is at soQ temperature. _ 

' UJ Record the cone resistance, or cone 
Meet and friction resistance, connnu 
depth or note them at mtervals of 
Mmx exceeding • in. (203 mm). 

*U At the end of a *ou n <hng. obtain a 
hi tet of readings is in 4 $ -2 and 
teigunst the initial set. Discard the sound- 
%md repair or replace the up if *•» deck 
ban satisfactory for the accuracy 
fc Ac resistance component^)* 

I Trokalqoes and Precautions 

ll deduction of Friction Along Push 
^dt-Tbt purpose of this friction reducuon 
•bmcrease the penetrometer depth capabd- 
^ »d not to reduce any differences be- 
resistance components determine y 
^ttcal and electric tips as noted in .3. 
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height of the friction sleeve. 

5.6 Interruptions — The engineer may have 
to interrupt the normal advance of a static 
penetration test for purposes such as remov- 
ing the penetrometer and drilling through lay- 
ers or obstructions too strong to penetrate 
statically. If the penetrometer is designed to 
be driven dynamically without damage to its 
subsequent static performance (those illus- 
trated herein in Figs. 1 to 4 are not so de- 
signed). the engineer may drive past such 
layers or obstructions. Delays of over 10 min 
due to personnel or equipment problems shall 
be considered an interruption. Continuing the 
static penetration test after an interruption is 
permitted provided this additional testing re- 
mains in conformance with this standard. 
Obtain further resistance component data 
only after the tip passes through the engi- 
neer's estimate of the disturbed zone result- 
ing from the nature and depth of the interrup- 
tion. As an alternative, readings may be 
continued without first making the additional 
tip penetration and the disturbed zone evalu- 
ated from these data. Then disregard data 
within the disturbed zone. ' 

5.7 Below or Adjacent to Borings — A cone 
or friction-cone sounding shall not be per- 
formed any closer than 25 boring diameters 
from an existing, unbackfilled, uncased bor- 
ing hole. When performed at the bottom of a 
boring, the engineer should estimate the 
depth below the boring of the disturbed zone 

disregard penetration test data in this 
zone. This depth shall be at least three boring 
diameters. 

5.8 Mechanical Penetrometers: 

.5.8.1 lunar Rod Friction— Soil particles 
and corrosion can increase the friction be- 
tween in tier rods and push rods, possibly 
resulting in significant errors in the measure- 
ment of the resistance component (*). Clean 
and lubricate the inner rods. 

5.8.2 Weight of Inner Rods— For im- 
proved accuracy at low values of cone resist- 
ance, correct the thrust data to include the 
accumulated weight of the inner rods from 
the tip to the topmost rod. 

5.8.3 Jamming— Soil particles between 
sliding surfaces or bending of the tip may jam 
the mechanism during the many extensions 
and collapses of the telescoping mechanical 
tip. Stop the sounding as soon as u oconec ta- 


ble jamming occurs. 

5.9 Electric Penetrometers * 

5.9.1 Water Seal— Provide 
waterproofing for the electric 
Make periodic checks to assure 
has passed the seals. 


6. Report * 

6.1 Graph of Cone Resistance,, » V 

report of a cone or friction-cone 


shall include a graph of the variation** 
resistance (in units of toovft 1 or IQny^^ 


\ approximate* fa f 


depth fin feet or metres). Successes 
resistance test values from the 
cooc and friction-cone penetrometer^ ^ 
ally determined at equal increments 
and plotted at the depth correspond^ 
depth of the measurement, may be 
with straight tines as 
continuous graph. 

6.2 Frictior^Cone Penetrometer: 

6.2.1 Graph of Friction Resistance,/^ 

addition to the graph of oone resutMCMU 
the report may include an adjacent mw$g 
posed graph of firictioo resistance or fthfe 
ratio, or both, with depth. Use At ^ 
depth scale as in 6. 1 (sec 5 » 

6.2.2 Graph of Friction Ratio, VH 
report includes soil descriptions sstotf 
from the friction-cone pcactrotactar hb> 
dude a graph of the variation of ftfctimi 
with depth. Race this graph adjKsrt Vft 
graph for cone resistance; 
depth scale (sec 5.5). 

6.3 General — The operator 
his name, the name and location d frjj 
date of sounding, sounding number, 
coordinates, and sod and water suflM*" 
tioas (if available). The report sha lmQv 

dude a note as to the type of penetromRjj 

used, the type of thrust machine, the 
used to provide the reaction forceJf*W 
don reducer was used, the method •*] 


wa IWlKfl UKW, un. ' A, 

advancement, the method of rtcorwi^ 
condition of the rods and rip ^ 

■i . . — i aa ul ,ni# m !<l AXKrutUJ O 


drawal. and any special difficulties --ji 
observations concerning die j 


the equipment. g\ 

6.4 Drriations from Standard^^ 
port shall stale that the test 
in accordance with this Method D 
scribe completely any deviations “ I 
method. 


m 
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bk jamming occurs. ** ***-> , 

5.9 E/ecfrir /V** from* few — * ^ ] 

5.9.1 Water Seal— Provide 

waterproofing for the electric tnmdagj 
Make periodic checks to assure that a»«^ 
tus passed the seals. ^ ^ 

4. Report -%-Vv 

6.1 Graph of Cone Resistance. f t 

report of a cooe or friction-cone U«^ 
shall include a graph of t^ variabojef^ 
resistance (in units ofioos/ft or nOiji)^ 
depth (in fe*t or metres). Succe ssive 
resistance test values from the mmmtf 
cone and friction-cone pwtuondBvig 
•By determined at equal mcrcmofla € Afl 
and plotted at the depth cofrespoa dwglHh 
depth of the measurement, may he c«Mi«^ 
with straight lines as an appro* 
’-continuous graph* ^ 

. 6.2 FrictwnCc** fenetrorntm^^ 

4 2 1 Graph of Friction Resusaace^ 
i Jtloc to £ 

. «k report nuy include an • a J****£g 
. po**d grat* 

ratio, or both, with 
e depth »cale m in 6 * 

4JL2 Crqp* of Fnctkm R*****l^^ 

% report include* eofl 

r . from the friction-coot peoetromm^TJ^ 

. dudt . gr^h of the verieocn 

c with depth. Piece th» ff*** ^ 

k graph for cone resiitence. •to, , , 
is depth resit (tee 3.5). ^ 

„ 6.3 Gtneral The OperaW*^ 

* K* name, the nmnet****^^ 

dale of sounding, sounding a 

«s coordinates, and soil land water gffr 

*- lions Of available). The rep<*tton^ 
Ay dude a note as to the type 

w^d.the type of thrust madato^ f| ja 

L used to provide the re^jcnoo ^ /J 

boo reducer was wed. the e^gP 
an- advancement, the ^ m 

ist- condition of the rod* P^ 

A. drawal. and any speoal 

om observations concerning r- 

the equipment. 
een 6.4 Dtviatioiu fnm 
jam port shall state that the 

£ taVccordancewjUithisMe*^^ 

ical scribe completely afly 4e j _ 

cia- method. 


^ J||r * — and Accuracy 

Because of the many variables m- 
^ the lack of a superior standards 
|^ve do direct data to determine 
of this method. Judging from its 
reproducibility in approximately 
deposits, plus the q, and/, mcas- 
effects of special equipment and op- 


erator care, persons familiar with this method 
estimate its precision as follows: 

7.1.1 Mechanical Tips — Standard devia- 
tion of 10 % in q e and 20 St in/,. 

7.1.2 Electric Tips — Standard deviation of 
5 % in q f and 10 * in f r 

Non 15— These data may not match titular 
data from mechanical tips (see 1.3). • 
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Standard Method for 


PENETRATION TEST AND SPLIT-BARREL SAMPLING Qa 
SOILS 1 ' - 


the fiud dtvgpjktiom D t $46; the aumber \mmm fiiwly folloatmh 
tac of irriaoa, the ymr of kai irrmoo. A awabe 
‘ at the taeifrriM • 


A w p en aip l rprnlm («) 

Tlrj mm hod km btrm qppoWJbr nr h agtnein of ike 0^. tmem of Defeat md A 


1- Scope ’ C' f „./ 

1.1 This method describes the procedure, feu- 
dally known as the Standard Penetration Test 
(SPTX for driving a split-barrel sampler to obtain 
a representative soil sample and a measure (/the - 
resistance of the soil to penetration of the am- 
pler. 

1-2 This standard may involve hazardous mch 
Uriah, operations, and equipment This standard^ 
does not purport to address qB of the safety pro± 
kms associated with its use. It is the responsBiT 
tty of whoever uses this standard to consult and 
establish appropriate safety and health practices^ 
and determine the applicability of rtgulaeoryiimb 
tathm prior to use Fora specific precautionary ’* 
statement, see 5.4.1. 

I J The values stated in inch-pound units are 
to be regarded as the standard. 

2 A p p licab l e Dyaats 

2.1 ASTM Standards: 

D24S7 Test Method for Gasification of Softs 
for Engineering Purposes 2 

D24J8 Practice for Description and Identifi- 
cation of Sods (Visual-Manual Procedure) 2 

D4220 Practices for Preserving and Trans- 
porting Soil Samples 2 

3. Descriptions of Term Specific ta This Stand- 
ard 

3.1 anvil — that portion of the drive-weight as- 
sembly which the hammer strikes and through 
which the hammer energy passes into the drill 
rods. 

3.2 cathead — the rotating drum or windlass 
in the rope-cathead b ft system around which the 
operator wraps a rope to lift and drop the ham- 



mer by successively tightening aa| loom^A 
rope turns around the drum. ’ • 

3 J dnO rods — rods used to transmit 
ward foroc and torque to the driB bit 
ing a borehole. 1 ~ } 7; 

3.4 4iv+mright assembly — a device 
tog of the hammer, hammer foil guide, As ^ 
and any hammer drop system. -• 

3.3 Aammrv^-thatpoftioooftheMn^^ 
m e m hfy oooststing of the 140 ± 2 ft (UJ|{ 
kg) impact weight which is suc ceai v jy BiMft 
dropped U> provide the eaogythttasogg^ 
the sampling and penetration^ . 

"13.6 hamster drop jjsfori— that P&& 
drive-weight amembfy by. wkikh dm ~ * * 
compSshea the lifting and droppk^ef ig 
mer to produce the blow. ~ * 

3.7 kammerJdOgtdde—tBsAputdtBmwk, 
weight amenably used to guide the M fK 
hammer. 

3J H-vahtt- thcblowcoumreproean^Ww 

the penetration resistance of the sod. Tft* 
value, reported in blows per foot, eqmh 
of the number of blows required to 4ft* • , 
sampler over the depth interval of 6 I* 

(1 50 to 450 mm) (see 7J). *■ 

3.9 A# — the number of blows otofo ^fiP , 
each of the 6-in. (150-mm) interrahflft*^ 
penetration (see 7 J). 

3.10 number of rope turns — the aad 
angle between the rope and the 

jsnto^ 


*Ttmmako4mvm 

[VII oa Snd md tot mi « *e *** ,m - ~ 
SwbcoMMK 0*102 m md tdn* nm 

far Serf hr Bi p i i (w t 

Canwt m— epem—d Srp»- II. ISM 
brr (4S4 O^m^y pvMwdM 01546 - 5 ST.IM* 
•*uoaOl$46 - 67(IS74L — 

1 Wfa4^45ri/M^.V4HW 


of the operator’s rope slackening to 
JtomnKT. divided by 360* (see Fi*. I). 

' pfotg rods— rods that connea the 
sssembly to the sampler. Drill rods 
(of **>U purpose. 

^%^y^abbreriation for Standard Pene- 
a term by which engineer corn- 
^7 |o this method. 

and Use 

^41 ffos method provides a soQ sample for 
—ifaoot purposes and for laboratory tests 
•TZ^te for sofl obtained from a sampler that 
jiuJttT h*ge shear strain disturbance in the 

method is used extensively in a great 
of geotechnical exploration projects, 
focal correlations and widely published 
jjiErii — which relate SPT Wow count, or V- 
^ 0 td the engineering behavior of earth- 
mhsmd foundations are available. 


|! /MS iny Equipment— Any drilling equip- 
Ah provides at the time of sampling a 
i open hole before insertion of the 
ensures that the penetration test is 
on undisturbed sod shall be accepts- 
It TW following pieces of equipment have 
9N» ® be notable for advancing a borehole 
tfaaw aab m rface conditions. 

lit Chopping and Fishtail Bits, less 
•tUa. (162 mm) and pea ter than 2_2 in. 

» damecer may be used in conj action 
••^pewbole rotary drilling or caring-advance- 
MMbg 

methods. To avoid disturbance of 
w snfcfy ing sod, bottom discharge bits are not 
only side discharge bits are permitted. 
U2 Bader-Cone Bits, leas than 6 J in. (162 
0»ter dun 22 in. (56 mm) in diam- 
fc* ®»d in coojunctioa with open-bole 
or casing-advancement drilling 
^*Mitfthe drilling fluid discharge is deflected. 
•J HoQowStem Continuous Fight Augen, 
* without a center bit assembly, may be 
frill the boring. The inside diameter of 
^^■ ow -ggin shad be less than 6.5 in. 
lL» * raier t * un 22 in. (56 mm\ 

Continuous Flight . ducket and 
fcsa than 6.5 in. (162 mm) and 
^ (56 mm) io diameter may be 

4od o« the side of the boring does not 
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fr l of the operator's rope slackening to 
•jj^ebammer, divided by 360* (see Fig, IX 
^111 mmpling rods — rods that coopect the 
* — y*t assembly to the ampler. Drill rods 
for this purpoae. 

113 SfT--abbrrvUtioo for Standard Peoe- 
Test- a term by which engineer* com* 
^yicfer to this method. 


feu- 
00 Tot 
3 obtain 
reofthe;^ 

kna*- 


Wof «)* Irammer^n^^ ; « .• 


So**) „ provide the 

■nTCssss^affiggi 

.drive-wothi wembly 
-- -ttwnplisho the Biting «*d d"**""** 

v«i*t us«5 to fuKk U«* ■* - 


hammer. 

the penetration iwisunce <* ^_*fc**^ | 

value, repooed in biowv P« 1 oo ^7«#*<» * 

(150 to 450 mm) ^ ob®**^ 

3 9 the number of 

each of the 64n. ( 1 50-mm) t*«* rrt * 

penctntioo (** 7 -3). 

3.10 numier </ «** ' 

»n|k betiveett the rope and th* ^ 


* windlass 
which the 
the bam* 
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41 This method provides a soil sample for 
^jdfadoo purposes and for laboratory tests 
^jpriate for soil obtained from a ampler that 
jgpoduce large shear strain disturbance in the 

—43 This method is used ertensivdy in a ptai 
^ of geotechnical exploration projects, 
te* focal correlations and widely published 
^dptxns which Ttlaie SFT btowcoutt, or N- 
dfoc. ad the engineering behavior of cartb- 
‘ Oil ad foundations art available. 
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Prilling Equipment — Any drifting equip* 
OB tel provides at the time of ampting a 
tedd y dean open hole before insertioo of the 
telbraod ensures that the penetration test is 
^Mnod on imdssmibed soO shaD be accepca* 
f H i Mowing pieces of equipment have 
tel bke suitable for advancing a borehole 

i teashsorbee conditions. 

U tef Chopping and Fishtail fits, less 
>id h (162 mm) and greater than 22 in. 
te)» diameter may be used in coojuctioo 
‘tea huk. rotary drihing or casing-advance* 
methods. To avoid disturbance of 
g^fo pg sod, bottom dbeharge bits ait not 
J^onIy^<h K har»ebiUaropennmed 
?* tekr-Cone Bits , less than 6.3 in. (162 
" te grtater than 22 in. (56 mm) in diam- 
tey W mod in conjunction with open-bole 
or casint-advancetDent drifting 
Jr^ tthe drifting fluid discharge is deflected. 

Continuous Flight Augers, 

■ban 1 oenxa MlemW y* “y te 
lb boring The inside diameter of 
auger* shall be less than 6.5 in. 
1(1 jJJ ptaier than 22 in. (56 mm). 

Continuous Flight, Bucket and 
b* than 6.5 in. (162 mm) and 
“HC«i (56 mm) in diameter may be 
** o® the tide of the boring does not 

& 
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cave onto the ampler or ampling rods during 
sampling. 

5.2 Sampling Rods — Rush-joint tted drill 
rods •hall be used to connect the split-barrel 
ampler to the drive- weight assembly. The sam- 
pling rod fhaTl have a stiffness (moment of iner- 
tia) equal to or greater than that of panfld wall 
•A” rod (a steel rod which has an outside diam- 
eter of IVk in. (4\2 mm) and an inside diameter 
of 1 'A in. (21.5 mm). 

Non 1— Recent research and comparative sating 
indicates the type rod mad, with stiffocs ranging from 
•A* mu rod to *N* mt rod. wffl usually have a 
negligible effect on the Rvalues to depths of at lea* 
100 ft (30 u\ 

5 J Split-Barrel Sampler— The ampler shall 
be constructed with the dimensions indicated in 
Fig, 2. The driving shoe shaD be of hardened sod 
and shall be replaced or repaired when h becomes 
dented or distorted. Tbe.uae of Unen to produce 
a co nstan t inside diameter of 1H in. (35 mm) is 
permitted, but shall be noted on the penetration 

.record if used. The use of a sample retainer basket 

Is permitted, and should aho be noted on the 
pen e tra tion record if used. 

Nora 2— VoA theory and available lot data »«i3* 
tel H* ahao may increase b et a u n i 10 to 30 % when 


foenvtmi 

5.4 Drne-WeighrAssembfy: 

5.4.1 Hammer and Anvil — The hammer shall 
weigh 140 ± 2 lb (63 J ± 1 kg) and shaft be a 
ao&d rigid metallic mao. The hammer shaft strike 
the anvil and make steel oo steel contact when h 
is dropped. A hammer fell guide permitting a 
free fen shaft be used. Hammers used with the 
cathead and rope method shaft have an un- 
impeded overiifi capacity of at least 4 in. (100 
mm). For safety reasons, the use of a hammer 
assembly with an internal anvil is encouraged. 

Nora 3 — b is suggested that the hammer feB guide 
be permanestf) marked to enable the operator or in- 
spector to judge the hammer drop height 

5.42 Hammer Drop System— Rope-citbead. 
trip, semi-automatic, or automatic hammer drop 
systems may be used, providing the lifting appa- 
ratus wift not cause penetration of the sampler 
while re-engaging and lifting the hammer. 

5.5 Accessory Equipment — Accessories such 
as l abfH. sample containers, data sheets, and 
groundwater level measuring derices shall be pro- 
vided in accordance with the requirements of the 
project and other A5TM standards. 
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i Drifting Procedure 

6.1 The boring shaD be advanced iaennes* 
tally to permit intermittent or continuous sam- 
pling. Test intervals and locations are normally 
stipulated by the project engineer or geologic 
Typically, the intervals selected are 5 ft v U mm) 
or lea in homogeneous strata with test and sam- 
pling locations at every change of strata. 

6 J2 Any drilling procedure that provides a 
suitably dean and stable hole before insertion of 
the sampler and assures that the penetration lest 
is performed on essentially undisturbed sod shall 
be acceptable. Each of the following procedures 
have proven to be acceptable for some subsurface 
conditions. The subsurface conditions antici- 
pated should be considered when selecting the 
drilling method to be used. 

6.2-1 Open-hole rotary drilling method. 

6X2 Continuous Sight hoDow-ssem auger 
method: 

6X3 Wash boring method. 

6X4 Continuous flight solid auger method 

6 J Several drilling metbodi produce unac- 
ceptable borings. The process of jetting through 
an open tube sampler and then sampling when 
the desired depth is reached shall not be permit- 
ted. The continuous flight solid auger method 
shall not be used for advancing the boring below 
a water table or below the upper confining bed 
of a confined ooo-cohesire stratum that is under 
artesian pressure. Casing may not be advanced 
b e l ow the sampling elevation prior to sampling. 
Advancing a boring with bottom discharge bits 
is not permissible, h is oot permissible to advance 
the boring for subsequent insertion of the sam- 
pler solely by means of previous sampling with 
the SFT sampler. 

6.4 The drilling fluid level within the boring 
or hoDow-stem augers shall be maintained at or 
above the in situ groundwater level at all times 
during drilling, removal of drill rods, and sam- 
pbng. 

7. Samgfiag and Testing Preend ve 

7.1 After the boring has been advanced to the 
desired sampling elevation and excessive cuttings 
have been removed, prepare for the test with the 
following sequence of operations. 

7.1.1 Attach the sptit-barrel sampler to the 
ff tripling rods and lower into the borehole. Do 
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not allow the sampler to drop onto the ^ 

sampled. 

7.12 Position the hammer abore ^ **•. 
the anvO to the lop of the sampii^ m*** 
may be done before the sampling mfcggg/* 
pier are lowered into the borehole. - , 

7.1 J Rest the dead weight of the 
rods, anvil, and drive weight on the j 

the boring and apply a seating blow. 
cuttings are encountered at the boaoig|7ik 
boring, remove the sampler and magg^ * 
from the boring and remove the cuttb^ 

7.1.4 Mark the drill rods in three 
6-in. (0.1 5-m) increments so that the a*^4 
the sampler under the impact of the hare^^ 
be easily observed for each 6-in. (0.1 5-m) im* 
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12 Drive the sampler with Mows fimi jfc 
140-Jb (633-kg) hammer and cmitt the mgfrg 
ofblows applied in each 6-in. (CL 1 5-m ) mamm ' 
until ooe of the following occurs . . 

7X1 A total of 50 blows have tea aM 
during any ooe of the three 6-in. (0 J5-a{aaa * 
menu described in 7.1.4. , _ : • . 

122 A total of 100 blows have bseaggH 

7X3 There it no observed advay gffr 
sampler (hiring the app&stioo of lOwip 
blows of the hammer. / 

7X4 The sampler it advanced the fi#t 
IS in. (0.45 m) without the Smiting 
occurring as described in 7.2.1, 7X2 ,grttV ; 

13 Record’ th e number of blows reqmoeR , 
effect each 6 in. (0.15 m) of penetration mm 
tion thereof The first 6 in. is considered*®* 
seating drive. The sum of the number 
required for the second and thir d 6 in. m 
tratioo is termed the “standard 

sistance*, or the "tf-vatue". If the — 
driven less than IS in. (0.45 mk * 

7.2.1. 7X2, or 7X3, the number ofbto-J 
each complete 6-in. (0.1 5-m) ts cmBtflM ir 
each partial increment shall be recorded i*^ 
boring log. For partial increments. 


^ hammer rhall be 
#*^*5r t h- following two methods: 

» «riP- automatic, or sern^u- 
’ **■■' dimmer drop system Eft* the M0- 

* m76 m ± 25 mm) unimpeded. 

^ £nt a cathead to puB » rope at- 
hinmer. When the eathead and 
^J^oi is used the system and operation 

5 -f ' 

1 J. o e *«aje and have a diameter in the 
w 10 in. (150 to 2?0 rami 
vi The cathead should be operated at a 
2£i^0f ro-atioo of 100 W»M. or the 
of rotation shaB be reported 

fSSrtowm than 2V. ropemm on the 
^[nay be used durin* the performance of 
' Sawetiation test ** shown m ¥%. '• ^ 

109 (1% turad or the 

It* c*th«*d rope *ould be 

k . r * m 4 for each hammer Wow. a 30-ia. (0 

WlMind drop shall be emptoy** ^7 ***? 

* ^ and throwing the 


bonng log. for partial mere mews, zZ t± \ 

penetration shall be reported to the 
(25 ram), is addition to the number of *^V 
the sampler advances below the bottom 

boring under the static weight of the dr**" 

the weight of the driH rods plus the*** * 
of the hammer, this information should * ■ 

on the boring log, ' 

, 7.4 The raising and dropping of 


Mq the rope at the top of the 

7J iringthe sampler to the sur^^ope^ 

Ind the percent recovery <* *** 

recovered. Describe the sod sam^t^ 

fcrered as to composition, color, gratific ation. 
M condition, then place ooe or more repr^ 
■Mire portions of the sample mto sealaWe 
■ift t c -proof containers (jars) ™ l * K *i* 

■kg or distorting any apparent 
Wach container to prevent evaporatKmofwU 
■Mart Affix labels to the containers bearmg 
I* designation, boring number. 

*4 ike blow count per 6-in. (0 1 5-m) tncremen*. 

the samples agamg extreme temperatire 
filial |f there is a soil change within me 
■Mpkj. make a jar for each stratum and note 
in the sampler banti 

11 ^, — 

^1 Drilling information shall be recorded in 
and shall include ihe 
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.no* the sampler to drop onto ** **** 
^ORositioo the hammer above and « q4 

JiJiJfo. top of the ^Pto.^1* 

* i* done before the sampiingrods and^, 
pier are towered the 

°" ®* *25 

^■aa^KSs. 

K£T remove the »"** 

^"KSSi 

6-in. (0.15-©) inatmctJts «o tbtftc ****** j 

the nippier under die *? 

^ ewayobrervrf for «* 6 -ul 


•?£ n^* the tampkr ^W» blow* fafo*l^ 

- SS 2 SSS 35 £IS! 3 rf 
• ^A^wastgjS 

. rf the three 64n. 

during tny ooe « tnc •**.. ^4- 

I-Tu described in 7.1.4. .. 7 ~T»^> AwSr T 

- * *7.2-3 There • » o^® 0 "r,<s~b^*X 

Ampler during a^*****^ 

occurring * described 

73 Record ihe wwbre oftt^^JTW; | 
pho*. nit (0.13 «n) of P eno ?r^ «.tod‘l 

**» ^t^^T^ to6 ^““^rJU*i 

vaoce ^ K *. U ~r^l TheM» oflhe#o***^^l 
siting drive. Tbe «— 1 — . 1 

'.tS 

*-£.; W- » -*£5. 

boonf Irrsthan 18 in. (0*45 

**" rVl 7SX or 7.2.X the numb^J^r 
^ f+rh complete 64n. < 5 S*? 

3 hA partial incrcmctw v^** 

bonoi to*. ^ f*^*^jdtO ** , fi*f 

foT~*h‘ of the dr® 

of the hammer, this inform*** 0 * _ ^j 

<k. oo the boon* to*. i... sting 

7.4 The raisin* and <*"***- t~ - 


■ ^i,) hammer than be accomplished using 
the following two methods: 

•%4 1 ft ase* » trip, automatic. or semi-ao- 
r hammer drop system which lifts the HO- 

*^ 34 l) hammer and shows h to drop 30 * 
f a Vrt)76 m ± 25 mm) unimpeded. 

■T-Ts *y using a ««head to puB a rope at- 
*?■ .!a .» the hammer. When the cathead and 
an^Zethod is used the system and operatioo 

^conform to the Wtowin*: , 

•^1 The cathead shaD be essentially free of 
r jT^ o, grease and hare a diameter in the 
!^af 6 to 10 i*. (ISO to 250mm). 

The cathead should be operated at a 
u ro speed of rotation of 100 WM, or the 
^Jp^imate speed of routioo shah be reported 

^WaTltoMre than 2V. rope turns oo foe 
may be used during the performance of 
»mrtaleoat>ooiest,m*ow««afit1- 


!%b«- T toepoatred^ieaenftmeaAre - 
rjhJjta lope nsns. dqxa&ag apoa i«**ha ^ornm 

foSmWnf the caduwl It ■ mrenft tmmre red 
te 2tt or more rape Kras eoonderably 

^SfcUjrf lg haa g wtdodlMileud 
7&»tetmLThemduadi(^dnddtolH» 
^3Sh»idittiv«ty dry. dean, *ad»^y«J®wi !tx *- 
For each hammer blow, a 30-m. (0.76- 

’ *^md drop foal! be employed by the eper- 

^■tThe operatioo of puffin* and throwin* the 
■~im dd be performed rhythmically without 
the rape at the top of the stroke. 
v*JJ Vriig the sampler to the surface and open. 
-"Vam foe percent recovery or foe length of 
^fo re co v ere d. Describe foe soil samples re- 
"ftis* at io composition, color, stratification. 
^•■Bditioo, then place one or more repre* 
j *M»re portions of foe sample into sealable 
I *totp#c( containen (jars) without ram- 
S .^1 * dmorta* any apparent stratification. 

I yafo container to prevent evaporation of soil 

f Af&x bbeH to the coottifteis bean of 

ft boring number, sample depth, 

t count per 6-in. (0. 1 5-m) increment 

1 be samples a gainst extreme temperature 
, If that is t tod change within the 

r make a jar for each stratum and note 

ft ^ samp^ barrel 

. S um B 

: ft mformaiion shall be recorded in 

m .^^toan indude the following 
‘\ Z *5. -re. 


8.1.1 Name and location of job, 

f. U Names of crew. 

8.1J Type and make of drilling machine, 

8.1.4 Weather conditions, 

g. 1.5 Date and time of start and finish of 
boring. 

8.1.6 Boring number and location (station 
and coordinates, if available and applicable). 

8.1.7 Surface elevation, if available, 

8.1.8 Method of ^vancing gnd cteanini the 

boring. ’ ' 

8.1.9 Method of keeping boring open. 

8.J.10 Depth of water surface and drilling 

depth at the time of moled loss of drilling fluid, 
and time and date when reading or notation was 

made, _ 

1.1.1 1 Location of strata ch,n*es. 

*.1.12 Sire of casio*. depth of cosed portion 

of boring. . . 

*1.13 Equipment and method of driving 

sampler, . 

. t.l.M Type mmpler and length aad made 

diameter cfband(oo*e use of lioer*), . 

XI. 15 Size, type, and section kogth of foe 
■mpting rods, aad s - -i - * ■ ' 

; 1 . 1 . 16 ,’ Remarks. _ • • . . 

: X2 Dau obuioed for each sample foaD be 

-; recorded in foe field aod shall mdude the foDow- 

*"*2.1 Sample depth arid, if atiKred, foe sample 

number, _ 

•^.2 Description of sofl. 

I J.3 Soatt changes within sample, 

1.2.4 Sampler penetration and recovery 
lengths, end 

g.2 5 Number of Nows per 6-in. <0. 1 5-m) or 
partial increment 


9. Precision and Bins 

9.1 Variations in A'- values of 100 % or more 
hare been observed when using different stand- 
ard penetration test apparatus and drilton for 
adjacent borings in the same soil formation Cur- 
rent opinion, based on field experience, indites 
lhaj when esing the same apparatus and dnfler. 
A- values in the same soil an be reproduced wuh 
a coefficient of variation of about 10 S. 

93 The use of fouhv equipment such as an 
cstremd) massive or damaged anvil, a rustv 
cathead, a low speed cathead, an old. oil> rope, 
or massive or poorly luboated rope vhcavn can 
significantly comnbute to differences in .V- values 

ORIGINAL PAGE IS 
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LUNAR soil stimulant study, phase b 

PART L OUT GASSING CHARACTERISTICS 


PARTI: INTRODUCTION 


Background 

I A atudy to develop a lunar soil simulant whoa# physical behavior la tha 
«>rth'a gravity (laid approximates the bahavlor of Umar aoU in tha raducad gravity 

«. u, 7I«,1 Y«r IbM. n. nr* «[• ■* , ■ 

which waa completed tod wportmlfl)* in April 1966. wa. to develop a maUrtaL dwlgn- 
atad Type A Lunar Soil Simulant, which, in an aovironmant varying from atmoa- 
torr. ~U b.™ r.rtoto 

oader thla phaaa waa granular and waa compoaad of uwoatbarad lOabaaa w*. 
cniahod and procaaaad to fall within the gradation band shown ou Figure l. Other 
p«rtl»«ot prop«rtU« hw M td tb« following: 

a. Bulk danelty (trea (all etate) 1370-1650 kg/m 3 (6S-*> Urft 5 ) 

^ Particle specific gravity 3.03-3.16 

c, tijht raflactivity (albedo) 0.07-0. Of 

d. Slnkage under simulated astronauts weight 

0 ( 0.352 kg/cm 2 (5 Iba/in. 2 ) 2.5-5 cm (1-2 In.) 

2 ^ gacood phaaa of the overall study raqulroa a more aevere environment 

for the mating Tha Type A almulant developed during tha Initial phaaa of the atudy 
waa uaad in Um Phaaa B Investigation. The required vacuum level B 

study varies from the roughing range to approximately 1x10 torr Should tha 
Tvna A simulant prove unacceptable in the Phaaa B environment. It will be 
modlfiod to approximate certain ootgasstn* and thermal properties established 
from e*rll#r •tudl«», th* Pbnno 3 tovn*U^tfon Is broken Into two port*: 

oTEElJE .EEJi**. «* 0) a-™*' p-**"*-. c °' 5 ‘£ 

■ppw.efc.i .U. .( U» h-r ~r(.e. «* .111 pro**. . ».«. 
test of the ability of the lunar soil simulant to meet prescribed properties. 

Purpose and Scope 

s The purpose of this report la to present the outgaselng characteristics of 
tbo slmuUnt produced under the first phaaa atudy. Tha report Is llmltad to “ d,,cu »* 
•loo of tbo remits of conditioning, outgaselng. and overlay experiments on the crushed 


• Raised numbers in parenthesis referjp-rqferencee. 
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diabase material. Problem arete that should be overcome so that man-rated vacuum 
chambers may be evacuated to a specific pressure with a minimum of delay due to 
simulant outgasslng are discussed. The results reported herein constitute the first 
part of Luna r Soil Simulant Study, Phase B, described above. 


Approach 

4. The high vacuum facility available at these Laboratories was used to deter- 
mine the outgssslng characteristics of the simulant. The tests Included the followir*: 

ft. Length of time required to pump down to s specific pressure, 

b. (hitgassing rate at the specific pressure, and 

c. The outgassing characteristics of the simulant under repeated pump 
cycles of p ump down and rapreasurixatton. 

5. Tbs experimental approach to accomplish the work In this study involved 
con si d e ration of too following behavior characteristics of the simulant in toe Phase B 
environment: 

a. Because water vapor is ths most difficult source of outgassli* to 
eliminate, the simulant should be stored so as to exclude moisture. 

b. Conditioning of the simulant should be so designed as to remove as 
much adsorbed water from the Interior of the material as possible prior to placement 
in toe vacuum chamber. 

§• The techniques employed Included consideration of the following: 

fu Conditioning of toe materials was accomplished by beatix* all quan- 
tities of the material In air. Ths effectiveness of the program of preconditioning was 
evaluated by a series of plots relating pressure to time. Analysis of this data should 
provide valuable insight into gas loads to be anticipated for large quantities of toe* 
simulant. 

b. The effect of nitrogen overlays between successive pump down wms 
examined to evaluate overall system characteristics under simulated day to day opcr- 


c. Special emphasis wss placed on describing pump down in the roughing 
region so that a complete picture of gas load as a function of time could be obtained. 
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PART II: EQUIPMENT AND MATERIALS 


ftiph Vacuam Facility 

7 The high vacuum facility need for thU ahidy coaelet. of three major com- 
pooenU: forepump, dUh.lo.pmp. tod working chamber. The machanlcal forepuipp. 
rated at 7. 1 Utert par aecocd <1# cfm). provide. teltlal or rough pumping ; Sown tea 
praaaura of about 10“* torr. at which point the dllftialoo pump a PJ* «■*» *•«**•“ 
k« m paygffi f haaH w (Mjitod |tti A witor cooW olufTon biffU !• to* 

lS-cm fg-te.) otl ditto .tea pump with a imtel pumping ^ead o f 1440 liter, por 
•aoood nO&O-cfm) prerlda. the capability of attelalag the high racuum W-Th. 
pumplagapead of tea ayetem la affected by ooateictance leeMK (a) at thajmtraaeete 
the throat, tot to the threat, (c) lathe gate valve, aad <d) la the chevron baffle. The 
leeMt i~r w * — to reduce the aetpamplag *aad to appreslmatoly SIS Utera per oeeead 
fail efm> The working chamber coos tote of a aomtaal IS am (lt-ta.) atetaleeaatoel 

22tteough cellar aurmeuated by a 4S-emOS-to.) diameter by 4S-cm(l«-to,) Wgh 

pyres bell Jar. A hatyl rubber gaehet providea the principle bell Jar eael. 

8 Pre«aura to monitored by three gauge.. A thanrocotgile gauge plaeed la 
the washing lloe providea reading, la the roughiag range. aad 1. UMd primarily to 
tedkata whaa the dtftoetoe pump eaa be estivated. A eeld cathode tealaattea pag e 

provide, ZS\ST* 


torr 


to momtted to the throat eectloo betweea lb. werhteg ehaaaber aad the halite, a* 

therefore todlcate a preewre eomewhat lower thentee preemre to the ««rhtog 


to Sweated to the fmdtereugh oellar aad provide, 
area euro tadtot to the worttg ehaaaber from atowap h ate down to the mid 10 

Vmitr M -*~ gauge, are eoaaectad to a atrip dart recorder which yield, a 
^ttimou. reoord of preaaure veraua time from atmoephere down to the ultimate prea- 
aure of the qrtha. 


I ggy «fr.nW 


• The Type A almulaat waa ueed to the toltlal phaae ot thla .tody aad waa 
stored to a polyethyleae ltoed rtael drum. The quantity to be teetod waa drawn from 
thla a todp Uo. The metotare coo teat of the atored atmolaat wa. laa. than 1% dry 
weight. 


Teat Container. 

10. Four teat containers were used in Ala program and are deacribed more 




fully la tabular form balow. Kaoh cylinder Moalato of a length of ataadard alu min u m 
plpo out to laacth aad welded to aa aluminum boso plate. Tho four eylladara oom- 
prlao two groupa of ooatalaora baaod oa nominal volume. Tho aaiallor volumo A oou- 
telaar waa uaod for tbo majority of taste. Tho larger vohuao B ooatalaora war# uaod 
for comparative toata to provide a baaia for estimating gaa loa d a baaed oa either 
volume or aurfaoo area. 


Croea 

Sectional 

Tost Diameter Height Area 

Containers cm cm cm* 


8.255 318.23 



114.42 

183.38 


cm x 0.384 -laches 
cm 2 x 0. 155 * square laches 
cm 3 x 0.061 * cubic laches 
lqg z 2.203 » pounds 
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PART III: SPECIMEN PREPARATION AND TEST PROCEDURES 


Test Specimens 

11. The Type A simulant taken directly fro* the stockpile was loaded Into the 
test container through a cone-shaped hopper s upp li e d with a quick opening valve. The 
distance from the valve to the bottom of a container Is 33-om (13-In.). The simulant 
was allowed to fall freely Into each container, but ao other attempt was made to asmre 
uniformity of placement density. 


Specimen CoodHtontnu 

12. Simulant conditioning to a te mp er a t ur e of either U0° C or 925° C eras 
accomplished la a 3. TS KW even. With the single exception of the "unconditioned A" 
sample, all urns vers made cu conditioned material. For each test, the simulant was 
- heated to a specified temperature for a ^ s ettl ed length of time, deposited Into « he te st 
container, and Immediately placed In fim working chamber. Pump doe® wee started 
Immedia tely on the hot material. Because pooping co ntin u e s on material heated above 
room temperature, a ooodlUoo approximating Internal bakeout was developed. 

U. The temperatures to which the shn n l a nt were h e ated provide 
a brand picture of the effect of pr eh e stte g an stmelant outgxasteg. The Aero Vac 
Corporation?) Identified water vapor aa dm primary cutgaeelag protect at preeeu.ee 
on the order of 1 x 10~* torr. The primary ebjeettvo of the oven heating wae to drive 
off hygroscopic moisture as well as dm mere tightly odoorbed water molecules. Vey 
end Nelson?) Investigated tbe composition of the gu desorbed during the outgoes log of 
four mineral powders and sends as a f unct io n of temperature. They co nclud ed that the 
composition of tho gas was approximately the seme for all minerals tested and that the 
predominant constituent gas was water rapor. Furthermore, the total ^ttntlty of gaa 
evolved increased with temperature to a maximum at about 400° C. The proportion of 
this hotel quantity attributable to water vapor aim In cr ease d to a maximum at this 
temperature. From this evidence. It may be Inferred that beating the simulant to 
temperatures to excess of SOO® C will be beneficial to outgasslng by supplying energy to 
remove tho more tightly bound water molecules adsorbed on tbe simulant particles «ir- 
foces. 


rnwtatn^r temnort to dm Working Chamber 

14. Initially. She containers were placed In the vacuum chamber on a stainless 
steel plate that measured 40. 0-cm (14- la.) In diameter. Tbe plate served as a positive 
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protection for the pump should any geysering occur which would spill tbs simulant out 
of tha container. When It was verified that geysertag doe* **t present a problem when 
pimping occurs on heated material, the plate was replaced with a stainless steel mesh 
containing 0. 64-cm (0. 25-In.) openings. All of the 150° C runs were made on the 
mesh. Although some reduction in pumping speed was anticipated when the plate was 
the offset did not appear to be too significa n t . 
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PART IV: DISCUSSION AND PRESENTATION OF TEST RESULTS 






15 Before starting tta teat mtIn, several p wllalMi ? pomp downs wops 
completed oo uucondltioeed material to develop techniques for control of geyeering. 

Oeymring ws. observed repmtodly. tat wo. earty control!* by bleed!* dry 
nitrogen into the m> to air valve. This technique nlssd tta pressure to too chamber 
to a lord above tta critical seyseriag presmre (*-f tort), and permitted the gas to 
escape from tta abnulaat sad be pooped away to a nea-vloleat Manor. Ttauptoair 
valve could then be closed gradually aad pomp down proceede d without geysertng. 
Geyeerias. wtaa uncontrolled, could be quite violent. In some caeca, gayaered mater- 
ial m found adhering to tta inside top surface of toe bell Jar. as well as tormgbout 
tta wortdag ctaaber aad throat. Subsequent teeta oo ooedltloned material t hat did sot 
prair were taadleapped becaaae of erratic betavtor bom tta ooM eatooda gW- 
This behavior was attributed to arcing between tta eatooda aad tta ano de et tta yg»» 

It la believed ttat some el tta (toe deal emitted daring gsyaertog was electrostatically 
a ttr a ct ed to toe ele c trod es , tons redectog toe dt e t ia n e betw een g auge elem ents and 
eaaatoc permatore discharge. After thorough cleaning with pumice, chemical solvent, 
and ntoaeonic techniques, tta gauge operation returned to normal aad oo abnormal 
betevtor wet observed thereafter. 
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U a color cta*e in tta simulant became apparent after tta material was 
tasted to 325° C. X-ray dlffractioo analyeU on saaaplea of baked and unbaked simu- 
lant revealed essentially no compositional difference. It to believed that ttataat 
cased Fe toon contained to tta feldspar aad pyroaeae to change from oombtoed ferrous 
aad ferric iron to either all farrous iron or all ferric Iren, tach a change wUl geoer- 
allv cease a miner al to become lighter to color, to order to evaluate tta magnitude of 
MtofrilUe. samples of ancondUioood, ISO* C conditioned a* Jtt<> C conditioned 
material were subjected to Muaaell color chert analysis, to addition to the color eval- 
uation. iu*« reflectivity measurements were taken on samples of wacoodltiooed and 
3*goc conditioned simulant. There was no meamrable difference to albedo within tbs 
accuracy of tta photometer used. The remits are mmmartsed as follows: 


Sample 



Conditioning 

History 

Munaell Color 
Description 

Munaell Color 
Humber 

Unconditioned 

Moderate Olivo 
Gray 

5Y 4/2 

150° C 

Dark Yellowish 
Brown 

10YR 3/2 

325° C 

Dark Yellowish 
Brown 

10 YR 4/4 

pump Down and Outgasslnr Testa 


17* ggfirri. Previous investigators have reported pomp down tines measured 
In hours for their studies. Vey and Nelson* 3 *, and Jaffa W. among others, required 
long pumping times to minimise the possibility of disturbing the soil structure during 
evacuation. Pump down timss were long partly because of the oulgaaelag of the fine 
mineral powders used and portly because testing was to be accomplished st s vacuum 
level approaching that of the lunar surface. Other investigators eiqpendsd s great deal 
of effort to insure clean particle surfaces prior to testing. Conditioning of samples 
prior to testixg have included chemical baths* 5 *, bakeout in vacuum M** l 7 *. grinding In 
an Inert atmosphere* 5 *, and cleavage of specimens In vacuum* 5 *. Although these tech- 
niques are necessary for testing In hard vacuum, they are not believed to be essential 
for tests to be accomplished at 1 a 10* 6 torr. 

18. Pump Down Teats. Figures 2 through 9 are a series of pressure versus 
time curves showing pump down times for the two temperatures used for conditioning 
and for the two quantities of simulant. Figures 2 and 3 show the pump down curves 
after roughly for the 1. 2-kg (2. 84-lb) sample for differing lengths of exposure to each 
of the condi tioniig temperatures. Figures 4 and S repeat these curves for the 3. 6-kg 
(8. 384b) sample# placed in the Bj container. Figures C and 7 are of the same type for 
the 3. S-kg (8. 384b) sample placed in the Bj container. Figure 8 compares the pump 
down times between the 1.2-kg (2. 64-lb) and 3. 84cg <8. 38-lb) samples baked at the 
150° C temperature for 24 hours and for 84 hours. In Figure 8 the curves from 
Figures 2 through 7 are abstracted to show a band of values embracing the range of 
exposure times. Figure 9 presents a comparison of the pump down curves between the 
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two quantities of simulant uqpoMd tor *4 hoars to oochof Ik* temperatures. 

19 CoodlttonlM Period. The results of tho outgasslng experiments are 
•howa la Figures 2 through 9 and In Tablo L Each of the Orurea show that, tofenoral. 
„ the period* exposure to too heated eoriroMieni Increases, tha to 

attain a gteaa pros sura decreases. For aaeh set of aunraa, towtr, tha *•>»***• 
Improvement for aach increment of ajqpoaara tlma decreases. This 

vacuum lerel desired. For tha vacuum system «aad and torthe qoaatttiaa ot aurnuaa* 
tha optimum c ond i t ionin g time *es estimated to ba *4 boots. 

— *•, — hh™,^ Tamo# r» tare. Tho beneficial effect of hoattof the almulant 

to -.fc of pair, of figure. (Figure 1 1th 3; 4 1th 5; 

^w^VShtoTwwal* a significant refection la pomp doura «««™**** 
roach any aalactod praaaara. Tha higher 
mo-t of th amal aoercrtnto thamaaaoau^ thamora «£» 

to daaoah mare readUy sad ba pumped out more qdcMy. Tha aa mor e 

•antooolaa mo not activated to aa great an esteut bp tha laaar tmaparaBnra aalroomaa^ 
blaad oat over a * 


u. ^^..iw^Tata aLaJ eai. "■-»»— ????■»• 

of caaMtorti titmeorttara at tha cpUmum 14-boar aapooura parted tor tha 

Sr c - 

I*. ztsr.iss „ 

**■ »». 

A ataallar ~^^*£!£farwlaa Boa tad to »5‘ C and 

M%to? SSIaa^latodte^M 0 C. Obviously. oven tbo tower tsmparaturo eondHtonlng 
la effective la Impr ov in g overall performance. 

*, .. 1 , IM.I In rnmrlnr Ttr~ T PM 1“ f "^ H ” lM £&& FI«ura*com- 

~l,o ^^ur-vos fcT^ dmoroJ^dt too of simulant m^oeed to aa 
^twom^^flSO® C tor 24 houra and for 44 hoora. Batoraaca to tUa ftgunr andto 
SJSTS. ««. «- pump doom time for -ch ^tl^ Th. 

nereentacereductioa la tfcne for tha A and Bg qaaatltlao aiara^cUvaly « aad »%. 

fespereentege raduettoa for the Bj ^taatity Is 14%. The wider container, 
a ■niiri n‘ , T pamlta mora officiant removal of gas bocausa of tba grantor cross 
to tha vacuum aavlroamaat. Howover. tha refection of tlma 

•a Anal sola of^umpDownfervss. Analysis of th# shapes of the pump down 

rfwJi^Flguw gtoiVtodSna tha character of outgaaaing. Tha Initial point 
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on each curve It the first pressure reading recorded after the diffusion pump was 
activated. The final points rep reseats pressure readings when each test was termi- 
nated, and should not be Interpreted as the ultimate pressure of the system for the 
given quantity of soil. The curves are reasonably linear through most of their lengths. 
Tbs fact that the slopes are approximately parallel shows that tha pumping rate le 
constant Into tha low 10** torr range for all quantities tested. The curves are non- 
linear at tha start (Indicating a heavy pa load which moat be removed before steady 
state pumping can proceed), and at the end (indicating that both virtual and real system 
leakage is approaching the pumping capacity of the system). 

24. Roughing Period. The length of time required to rough down before acti- 
vation of tha diffusion pump is an important Indicator of tbs total lima required to 
reach the specified pressure level. Table I lists the times required to reach each 
of four pressure levels from atmospheric pressure. The pressure level "Roughing" 
refers to the time at which tha roughing pump was valved off and the diffusion pump 
was activated. In general, the corruponding pressure In the chamber at this time 
was oe tha ordar of 1 or 2 x M>* 2 torr. It le apparent from the table that the roughing 
period le some function of the quantity of simulant used. Figure 10 presents com- 
parative pump down times in the roughing regions for four quantities of simulant. 

Tha fact U»t tha roughing period for the Bg samples is intermediate between the Bj 
and A quantities suggests a further relationship with cross sectional area and/or 
depths of material. In order to investigate this relationship, a third B quantity 
intermediate in depth between Bj and Bg was pumped down. The B3 pump down curve 
appears to be inconsistent la that it does not fall be tw aen tha curves for the extreme 

B containers. Time did not permit sa evaluation of factors other than geometric shape 
and also. Howaver a few qualitative observations may be made despite the apparent 
Inconsistency. All quantities pumped down to 200 microns In essentially tha earns 
period of time. Thereafter, the A and Bg samples pumped down to 00 microns in 
approximately the same time. On the other hand, the Bi and Bg samples diverged 
and required about one and a half times aa long to reach the 00 micron pressure 
level. From 00 microns down to the pressure at which the diffusion pump was 
activated, all B quantities required substantially greater periods or pumping than 
the A qHtntlty. An assessment of the effect of the container on outgaesing in the 
roughly range wr.s not possible at this time. However, the results Indicate that 
simulant outgasslng le primarily a roughing problem, and that any steps taken to 
augment roughing especially In the region from 100 microns on down should improve 
overall system performance. 

25. Effect of Quantity of Simulant on Pumping Time, Curves showing the 
relationship between quantity of simulant and roughing time, time to 5 x 10** torr. 
time to 1 x 10** torr and time to 5 x 10** torr are shown in Fipire 15. It should be 
noted that the curve for the roughli* time Is linear. This indicates that the pumping 
capacity required to pump down a chamber containing the simulant in a given time 
should be proportional to the quantity of simulant. The curves for the time to reach 
lowtr pressures are not linear but appear to approach linear behavior asymptotically for 
larger quantities of simulant. Consequently, an sstimste of the pumping time required 
f or Me h given quantity of simulant can be estimated If information concerning the 
size of the chamber in which it Is to be used pumping system for the chamber and 

19 
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vacuum Uni of tha ampty chamber Is giraa. 

26 OntetaatogBato. The raaulU of tba outsaaatoc rate calculation* ar. ^ 
ahown on TriS^aJdtaHSio claarly that th*outg*«to« «»• y °“ 

■manat of material atom tha ootptaatog rata for 1.2-hg £.*4 *» °* 

(Coctatoar A) la law tlma that for 3. 3-hg (». 3* B>» of atmi^t(Co«t*toar* B x “dB*). 
Tba output^ nta for tha Bj wWw to looo ttoathat for *•!*«**£"• “J" 
cattoa that dapth of alnnlaat U a man fartor 

napacUwly. Tha doopor amtetoar ha* *”***«* *. . 

** 

oo«tab»r ■» WfMr proMotM ■• ttot •• »•• •» *•" “ 

• IT * WT nlMt Bah * v tor 

SSS£ aocamd at batna. * and W 

?2^t»^«*yairto* «u obaanrad fnquanlly « omditlmad material plae^ to 

A »XXZLr”TU -rt o f^rto, 

to about 100 to 300 torr. Tha phaocmmao vtolaot aowk 

ippaanao. of aoraral amaU *TLJ® J^JTLbp^ ^T ttmo «aa ttorZ^T 
*° ^ft ^Lj ^fldTtrpr of nraartiw Tba toot ttot tha phanomanoo aemrnd only »r 

N <faptk ratbar than quantity of atowteo t 

23 fbunpbte of anrfam material was abaamd wbaa tha chambar kadbaan 
avaenated tabboattha aama proaanro atarhtehblawhola typa sayaartog oeeurrod. Thla 
meanly m matertol pland to tha Bl eoototo^ 
nUa olamd with tha too aoxfaoa tocllnod at approxtmataly tba ngla of to”*- pmnp 
^ i^TmlScted^ tba dUtertancaa. Tb. toot that afemplag occurred oalym 
. l_ Ag ooatetoor wttb tha largaat a a rf a o o ana mggMta tba poaalbllity 

^apoBtomoo* alldaa if larga qoantittoa of atmolaat an plaead at too gnat a alope to 
a ttuo-rttsd chambar. 


1 

afi 


T— t ltaaoly 

23. Tba orarlay ajparlmaatal naoiia an abowa on Figama U through 14 . 


ORIGENAL FAGE !S 
OF POOR QUALITY 



TImm figures (how Um complete hietory of pressure u • function or U»# and »»- 
dud* ported* Airing which tbo chnmbor wn* lot up to otwoop horto pM oourt wlth^ 
dry nltrogon. Tho preaaure voraua Um* curve* tor alwltor aa»ploa tw apoddown 
wtthoM ovorioy ar# pkntod a* OMhftgura tor T* *^*1*" * 

Mortaya started at Um bottom of th* raogWag raaga 1* rtMwn on Fl*ir* M< 

90 Tho ovorlay oaportaoot* won originally dMlgnod to prorido tafennatloo M 
to how tho atmulant would bohavo under eondltlooa approximating day to day 
Hi ■ mrnm. rated clwmbe r Tho dramatic improvement In system porformanco waa a 

sr .£ srsr».» sr u- «*-. *7-^- ris’stsrs: 

t~** •> .»"*•** p~~7- oof* * 1 *! 

TvZ2T3~La. Uncth of time to roa ch oach atatod proaauro and waa maamued 
tram tho Mm* t ho aochanlcal pump waa etartad. Th* cotanaa headed "Total Tima 
Ehvaod" ar* accawilaUve Urn* period* and Include both preriou ovo'lny too* and 
numotuthistory. In genoml. avacuaUoa of th* chamber aft*, overlay pro- 
p d r . io npidW that the flrat reliable preaaure reading could not be obtained unUl 
f^nnwra'af about? x M)" 5 torr had been reached. Figure* U through 14 are preaaure 
vanus elapsed Um* curve* for all mat run* except A-24-l. Um arrow* Indicate the 
nreaear* and Um* at which Um chamber waa let up to dry nitrogen for each overUy. 
ySJIa lHhroi » preaent a comparlaon of 64 hour condtUontog vorou* 94 hour cow 
dlttoalag for each quanUty of simulant tested. Figure 14 ahow* that th* time 

iroMUM level may be rignlflcrnttly taAtcod by UtUng 
to dry nltrogM In the roughing .Ug* and repeating thaovortoy 
^^ftlSuont^rr^ U la apparent from these roaultn that 
um* to a riven pressure level la reduced after a period of overlay, and that 
nrtmN level attained for a given elapaed time la lower than that which would 
lin*T!ccurr*d tmd there been no omifcy. ft follow* that improvement In ayttem 
Mifanuscs can be obtained by repeated overlay* begun after completion of 

qunaUUM of almnlant material. These conclusions are 

thataomal pump down on A-24 samples require* approximately 160 minute* 

mat normal - *** ^ overlays on aample 

A-94?3 (Fig. 14) ahow Umt a total elapsed Um* of only 199 minute* Including Um 
iXSSJtnS periods 1. requlr- to roach Um PM-mmS* l£u>rr. 

Thus, a saving of about 40 minutes pumping time occurs when eslng repeated 
overlay sTs apump down technique. Tim. did not permit a more thorough *« - 
uaUoo of the potenUallty of overlay as an aid to outgaaalng. 

3L A possible esplanatloo of this behavior Is that the dry nitrogen gas 
acta as a dlhydmttogagent. This follow* from th* bet that absorbed water!* 
the moat difficult source of outgaaalng to eliminate In a vacuum ayatem- * m * n 
g^ss vacuum ayatem* ar* baked out at temperature. In excess of 300 C to 


remove the water adsorbed oo the gl**a mils. The 0 * «rbee 

daasltr of adsorbed water molecules sad the deaelty or somber of molecules le 

^r^wm^ surface U <Wtermbmd by the effectlv. *T~ Ur 

im£Sos to the surface. «toc theee parameters are sot pr^sely taown. their 
eu otly bi diKQind qoillUUiriy h*t*. 


SX The effect of iscreaoed temperature Is to lacrsase the number of mote- 

-.“r-j!!"” U.A, a. «rt«~ »d u > <* «"»►, 

hltltv tkt la. the probability that a molecule which collides with the writes will 
Sl.Bfcr. EupHrSd of Urns tastead of tm—dtaUly «*«*»* U °* 
ovartey taatt is this program the soil slmulsst w placed la the Ta coum 

at a temperature of about 1M° C, sad was a ct h e ated farther 
rnneerm mtl r the temperature of the slmulsst was decrsaslag for the Airatloa cf 
STJSTitMek weald sot taad to ramose sddltlo asl wato r mpor^risg 

i Ths eetkm of the altroaaa Is probably Is radaea the somber of 

— **" ^hsiilsa* ^Thbfeffect wosld sot be idly rspr 

, with dry sltro»ea at atmospheric pressure. As altercate < 
be that the aUrogaiiaet as a purge by drawls* water eater mpor sloag with U 
M tt flows oat of the chamber dirlag osacaatloa. 


tbed 
(lashtsgoat the 

would 


Theoretical trahaHs. 


lUoa Is 


for a 


as The sobttloa of the oae-d lm a salw aal i 
dap* of coo motor oe Figaro 1«. The oomputstloas ware made with too sad 

permeability as parameters. Adlscossleaofthssohi^UpresmMta 

Appemllx A. From these curves It caaba aaaa that s high perm^tUtv 
sjolftcaatly radooas the time required to achieve praamras to the MT torr 
i««u it depths la excess of 30-cm (LO^tt). 
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PAST V* ... CONCLUKOMB AND BSOOMMSMUTIOW - -:..y 
*4. Tbo foUowfog oo til w rio M may bo draw froai ttto »Mr ;'w 


oBoettvsta 


* o«y**rlactsa»problaaM*oaptai 

. : .* '; ' ; i 

Mmalaat ooa&tloalaf by boating to 


la ywnut to p— > 4 pw pwtoww •*» *®®° C 


lMOCta 


of JM° CfrevMso a rigat 


i of m*c< 


for tbo qosatittoo 


f Mtlregaa cwriays at prsooaros boloor 10"* torraad for wriou 
bM ora boooflolal, la nfcchf f*" **■•• ’ 


Mr " 
tobotov 100 


[aaatag la primarily aragtoag prntilw 

;.‘J r .>- . \ •;» '• • ;’ • » 



k, rim to ******** 

H |£ at tbo blgboot p an s o> N1 tty (towot doaolty) p w»M« . 

Imd opoa fo fossils of A* bm doocrfcodaad dlanisoort Wwh. Aa 
inmarlr oroa^o* _ _ 


^ Xllrogaa overlays tatrofeeod daring As popping »srlod aro rseoa 
as as oBsottv* ntoaas of rsteotag j«p dow tiaoa. 

S, Tbs tneoiporatioa ofboostsrs to aagmoat tbo ponptag capacity of 
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TABLE 7. 2.7-1. Compressibility Parameters °f Lunar Soil 

. . Recommended Typical 

>rameter — — Fapqg ' 


Compression Index, C c 
Loose 
Dense 


Recompression Index, C f * 

Maximum Past Presure 

Coefficient of Lateral Stress, 
Normally consolidated 
Over-consol Idated 
Recompacted 


0.01 - 0.11 

0.000 - 0.013 


0.4 - 0.5 


0.003 

Unknown 


0.45 

Unknown 

0.7 


* M at - rr ~ 66 , '° JiU£0 

$»«/(?&■€ • v ftooK j 


TABLE 7. 2.7-2. Congress ion Index of lunar Soils 



Friction 

^SSil _**“»“*— 


early INFERRED: REMOTE sEN |J ^| 40 

£0.007 

2.0 

INFERRED: BOULDER TRACKS 


Apollo 17 - North, East 1 
and South massifs 


SURVEYOR 


If m Ltnuii^ — 

III: Soil Mechanics 

Surface Sampler 
TV A Landing Data 

VI: Vernier Engine 

Attitude Jets 


SURVEYOR MODEL 

1,1 ‘ 0.35-0.70 35-37 


10 

0 

0.15-15 

55 

0.4 - 0.13 

30-40 

>35 

0 for 

45-60 

10 for 

0 

>0.07 for 
0.05-1.7 

35 


APOLLO 11 „ „ 

LH Landing, Boot- 
prints, Crater Slope 
Stability 

Core Tube, Flag 4 Pol «* 
SHC Shaft Penetration 

APOLLO 12 t 
LM Landing, Boot- 
prints. Crater Slope 
Stability 


Consistent with 
Surveyor Model 

0.75-2.1 37-45 


Consistent with 
Surveyor Model 


0 Hal aj Ian (1964) 

>28 Jaffe (19641 

f 2 S Jaffe (1965) 

33 Nordaeyer (1967) 

21-55 (39 + ) Hovlani and Mitchell 
26-50 (37$) Mitchell et al. (1973a) 


Hal aj Ian (1966) 

Jaffe (1967) 

Christensen et al. (1967) 
Scott and Roberson(1968a) 

Christensen et al. (1968a) 

Christensen et al. (J||8b) 
Christensen et al. (1968b) 

Scott and Roberson (1969) 

Costes et al. (1969) 
Costes et al. (1971) 

Scott et al . (1970) 


JS - HA *>**■>? <•* t 'A 8 * 


Core Tube, SVC Shaft 
Penetration 


0.56-0.75 38-44 


Costes et al. (1971) 


LUNOKHOD I 
Vane Shear 

- lowest 
. Highest 

- Node 

Cone Penetrometer 

- Crater Wall (Inner) 
-•Crater Slope (outer) 

- Horizontal Ground 

APOLLO 14 

Soil Mechanics Trench 
Apollo Simple Penetrometer 

MET Tracks 


3. 9-4.9 

N/A 

0.26-1.1 

50-25 

1.2 -4.8 

50-25 

0.64-2.6 

50-25 

0.17-1.0 

45-25 

0.52-2.7 

45-25 

0.34-1.8 

45-25 

<0.03-0.1 

35-45 


Equal to or greater 
than Surveyor Model 
37-47 


4 


■onovlch et al. (1971,1972) 


Mitchell et al. (1972d); 


Mitchell et al. (19711 
Mitchell et al. (1971) 

Mitchell et al. (1971) 


APOLLO 15 

SRP Data and Simulation 
Studies 

SRP Data and Soil 
Mechanics Trench 

APOLLO 16 
SRP: Station 4 
• (10-20 cm depth) 
SRP: Station 10 
SRP: Station 10 
Drill Core Open Hole 

APOLLO 17 

Drill Core Open Hole 
(Neutron Flux Probe) • 
LRV 


LUNOKHOD I 1 II (»ve.) 


RETURNED LUNAR SAMPLES 
Apollo 11: Penetrometer 


5 ,*RCC- : 0*R ,fee 



47.5-51.5 

1.0 

50 

0.6 

46.5 

0.37 

0.25-0.60 

1.3 

49.5 
50-41 

46.5 

1. 1-1.8 

50-30 

0.17 

35 

APOLLO MODEL 
0.1-1.0 30-50 

0.4 $ 

40 S 

0.25-0.85 

42-38 

jtr - p olct - 



Mitchell et al. (1972a) 
Mitchell et al. (1972a) 

Mitchell et al. (1972b) 

Mitchell et al. (1972b) 
Mitchell et al. (1972b) 
Mitchell et al. (1972b) 

Mitchell et al. (1973a) 
Mitchell et al. (1973a) 

Mitchell et al. (1972d, 

1974) 

Leonovich et al. (1974, 

1975) 

Costes et al. (1969, 
1970a, b); Costes and 

A T» GS S’ 
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